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FOREWORD 



THROUGHOUT the field of internal medicine, the work of 
the investigator, in clinic and in laboratory, is producing 
profound changes in our outlook as practical physicians. 
In none of its subdivisions are these changes more fundamental 
than in the field of cardio-vascular disease. They are of so recent 
a date, and have been accumulating so rapidly, that it is not easy 
for the general practitioner, or even the professed internist, to 
keep abreast of the times. This could be best illustrated by a 
review of recent text-books on the subject. In glancing over the 
great majority of. them, including, with two exceptions, even 
those of recent date, the reader would hardly suspect that there 
have been any advances in our knowledge of cardio-vascular 
disease within the last fifteen years. Meanwhile the literature, 
both physiological and clinical, has been fairly swarming with 
contributions in this field, many of them of fundamental import- 
ance. The bulk of them fall into two groups: One the study of 
normal and diseased hearts by means of the newer instruments of 
precision; the other the pharmacological investigation of new and 
old cardiants. These contributions are distributed throughout 
the field of medical journalism, both at home and abroad, and it 
would seem a hopeless task for the busy practitioner to attempt 
to keep in touch with the scattered threads of so widespread a 
web of investigation. 

Hence the value of a collection, such as this, of articles on 
various aspects of cardio-vascular disease by men in the forefront 
of clinical and pharmacological investigation. The reader will 
find in it much that is entirely new, and should obtain from the 
entire collection a pretty fair idea of the general tendencies of 
modem work along this line. It is hoped that the collective 
abstracts, critical summaries of a widely scattered literature, 
may also be useful. 

The articles in this collection appeared in the special HEART 
number of the INTERSTATE MEDICAL JOURNAL issued 
in June of this year, and in other recent numbers. 
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RECENT STUDIES UPON THE ELECTROCARDIOGRAM AND 
UPON THE CHANGES IN THE VOLUME OF THE HEART. 



By Arthur D. Hirschfelder, M. D., of Baltimore, 
Associate in Medicine, Johns Hopkins University. 



PART I. 

The Origin and Course of the Cardiac Impulse as Revealed by 

Physiological and Clinical Studies, Especially 

Those with the Electrocardiogram. 

New methods lead to the discovery of new facts, new facts to new 
doctrines, new doctrines to new lines of treatment. 

The more recent conceptions, regarding the origin and course of the 
normal and pathological impulse in the heart, have been the direct result 
of the introduction of two new methods for studying them in man; 
namely, the venous pulse and the electrocardiogram. 

The study of the curve obtained by recording the wave of pulsation 
over the jugular vein had been in vogue since the studies of Friedreich 
and Marey in the middle of the last century, but did not attain practical 
importance until James Mackenzie in 1893 began to record the curves 
over the jugular vein and that over the carotid artery, simultaneously. 
The first wave in the jugular pulse revealed the contraction of the auri- 
cle; the carotid wave revealed the contraction of the ventricle, and a 
comparison of the sequence of the two enabled Mackenzie to interpret 
the sequence of the cardiac chambers in the normal and the irregular 
hearts of his patients. The use of this method enabled Mackenzie^ to 
study the arrhythmias of his patients' hearts in the light of Engelmann's 
studies upon experimental irregularities in the frogs' hearts, and the 
use of the same method enabled W. His, Jr., in 1899, to demonstrate the 
dissociation between contractions of the auricles and ventricles in a 
patient suffering from Adams-Stokes disease, and to interpret it in the 
light of Gaskell's studies upon the frog's heart. These studies with their 
experimental confirmations by Hering, Erlanger and a host of others, 
formed the basis of the modern conceptions of cardiac pathology. 

However, it soon became apparent that great as were the advances 
due to the phlebogram, the method had its limitations, for it was im- 
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possible to determine in which auricle or in which ventricle a disturb- 
ance of rhythm arose, and in order to obtain new light upon these points 
another method had to be devised. 

The method which promises most from this standpoint is the study 
of the electrical variations accompanying the cardiac contraction, or the 
electrocardiogram. 

The study of the electrocardiogram in man was not new to physiolo- 
gists, since it was made with the capillary electrometer by Ludwig and 
his pupil. Waller^ in 1887, and revived by Einthoven' of Leyden in 1895; 
but the electrical variations which are from 1/10,000 to 1/3,000 of a 
volt were too slight to be indicated by this means. However, in 1906 Ein- 



Flg. 1. — Fbotosrapti of the electrocardiograph laBtalled at the Johns Hopklna 
Hospital. 

thoven invented a new type of galvanometer, now known as the string 
galvanometer or thread galvanometer, whose delicacy was sufficient for 
the purpose {Fig. 1). This galvanometer depends upon the well-known 
fact that a current generates a magnetic field acting at right angles 
to its course, which varies with the strength of the current, and which 
may thus exert a varying attraction or repulsion upon a second magnetic 
field in its vicinity. 

The current from the body, which is thus varying in intensity, is carried 
upon a quartz or platinum filament about 3 /* (,003 mm.) thick, which 
is so light that its weight is negligible, for it cannot be weighed with 
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the most delicate balances. It is suspended between the poles of a very 
powerful electro-magnet with large cast-iron armatures. The move- 
ments of the thread are recorded by projecting its shadow under the 
magnification of a high-power microscope upon the slit of a specially 
devised camera, about six feet away. The film of this camera moves 
rapidly past the slit, and the oscillations of the thread are recorded 
as a curve. The time is indicated by the shadow of a time marker placed 
in front of the slit. 

The current is led off from the body from German silver electrodes 
which are padded with felt soaked in physiological salt solution (Fig. 
2 +, — ). The current thus obtained represents the difference of 
potential between the skin under two electrodes, and is generated by two 



Pig. 2. — DlaEram showing the simplest arrangement of the connections tor 
the electrocardiograph. RH, RheoaUt; COMP, compensaUng current. 

elements: 1. The permanent difference of potential between these two 
different parts of the body, which is dependent upon local conditions 
of the skin and tissues and is quite independent of the cardiac cycle. 
This is known as the current of rest. 2. The oscillations due to the 
action current of the heart itself, the electrocardiogram proper. Since 
we are interested only in the latter, the current of rest is neutralized by 
passing through the galvanometer a battery current exactly equal to it, 
but opposite in direction. After which compensation the only current 
acting upon the galvanomenter is that which accompanies the contraction 
of muscles. When the patient is quiet, the tonic contractions of the 
skeletal muscles play but a little role, and the action-current that is ob- 
served is seen to accompany cardiac contractions (Fig. 3). Contraction of 
the hand or foot muscles exerts a definite effect, which is much slower 
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than the cardiac impulse; and the same is true of the wave accompany- 
ing deep inspiration. 

It has become conventional to obtain tracings in man with the elec- 
trodes in three sites: — 

1st. Lead or Derivation (D 1) Right hand and left hand; 

2nd. Lead or Derivation (D 2) Right hand and left foot; 

3rd. Lead or Derivation (D 3) Left hand and left foot; 

but for special purposes Kraus and Nicolai use the right hand to right 
foot, left hand to right foot, right foot to left foot. Thomas Lewis 
has found that he could study the contractions of the auricles more 
closely by using the electrodes over the precordium and back. 

A curve representing the electrical variations due to the heart-beat is 




COMPLNSATLD 

Fig. 3. — Diagram showing the body current and the heart currents, and the 
effect of the compensating current. 



known as an electrocardiogram and that of a normal heart-beat is shown 
in Fig. 4.* The first part of the curve is represented by a small wave 
which Einthoven designates by P (presystolic wave) equivalent to a 

variation of -^^ volt, coincident with the onset of auricular systole. 



10,000 



This is followed by a small depression, Q, below the base-line just 
before the electrical wave of the ventricle. The ventricular wave (R) 



is the largest wave of the curve and represents about 



3-4 
1.000 



volts. It 



sets in and subsides within .02 second, and then falls below the base- 
line to form a depression, S, just before the mechanical contraction of 
the left ventricle sets in. This is followed by an instant during which the 
curve remains near the base-line, and then it gradually ascends to form 
a wave, T, lasting about .1 second in midsystole. There are no waves 
at the end of systole or in the diastolic period until the beginning of auric- 
ular contraction. 



•The electrocardiograms presented in this paper were kindly made for me by 
Dr. G. S. Bond, Assistant in Medicine, Johns Hopkins Medical School, whom I 
take pleasure in thanking for his hearty co-operation. 
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In the perfectly normal curve the tracings taken in the different leads 
are quite similar (Fig. 4) except that the R wave is largest in the 
second derivation (D 2). As will be seen, it is not a simple curve, nor 
does each wave correspond to the contraction of a single chamber, but 




] 



^MiMlMMiW 



V 



..iiimmiii 






A. 



R 




f^/^mmmm 



iAh^hA^^^W^h^ 



 ■^■^■^■■•■■■^■■■^■■■i^lHBH^ 



****'**' 



B. 




^lilt/f'^iiilF^0mmmmm^ 



jwnniitiiiiinfi 



c. 

Fig. 4. — Electrocardiograms from a normal man. 

A. Tracing taken with the electrodes upon the right arm and left arm (Dl). 

B. Tracing taken with the electrodes upon the right arm and left leg (D2). 

C. Tracing taken with the electrodes upon the left arm and left leg (D3). 
The lowest line and the third line from the bottom represent signals, the 

second line from the bottom represents time in % seconds. 

it is more or less of a composite, the resultant of several different factors. 
Nicolai has shown that if the heart is upon the right side, dextrocardia, 
the electrocardiogram is of normal form, but entirely inverted. 
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It must be remembered, as Gotch and Florence Buchanan have pointed 
out, that these waves represent the difference of potential between the 
skin under the two electrodes. If both electrodes remain entirely free 
from charge, the curve remains at the base-line. But if both electrodes 
receive an electric charge of the same intensity (say, four millivolts), 
the difference of potential between them remains zero, and the curve 
remains at the base-line. It is a matter of empirical fact shown by Kraus 
and Nicolai that the contraction originating at the base of the right 
ventricle causes a wave exactly opposite in sign to that accompanying 
a contraction originating at the left apex; and it has been assumed by 
these writers that the ventricular part of the normal electrocardiogram 
represents the algebraic sum of two such almost equal and opposite 
currents, but that the R S wave, which occurs before the onset of the 
mechanical contraction, is caused by the impulse passing down the cells 
of the atrioventricular conduction system. In conformity with this 
hypothesis, Nicolai* found all the waves inverted in a patient with dex- 
trocardia ; but on the other hand Gotch^, Buchanan, Straub, and Samojloff 
found electrocardiograms similar to those of mammals in frogs, snakes 
and tortoises, in spite of the fact that these animals possess but one 
ventricle. 

Florence Buchanan suggests that it may not be the separate ventri- 
cles, but .the separate layers of muscle fibres which arise in each papillary 
muscle. She suggests, moreover, that the R wave is produced by a 
slight asynchronism between the two ventricles, so that one ventricle 
only is acting during the instant in which the R wave occurs. This view 
is shared by Rothberger and Winterberg.® Such an asynchronism has 
indeed been shown by KnoU,''^ Fredericq,® Stassen,® Barker and Hirsch- 
felder^^ during vagus stimulation, and it is possible that even under nor- 
mal conditions it may exist for a period long enough to just give rise 
to the deflection of the R wave. It must be admitted that neither of 
these theories has been proved and both await the confirmation of 
further experiment. 

Whatever may be the factors which give rise to the curve, experi- 
ments based upon variations in its form tend to throw some light upon 
other questions of physiological importance. One of these questions 
pertains to the site at which the cardiac impulse arises. By homology 
with the amphibians and reptiles it has always been assumed that the 
cardiac impulse arises in the region corresponding to the sinus venosus. 
In the mammalian embyro the sinus venosus or sinus reuniens exists 
as a separate chamber bounded by the mouths of the venae cavae, the in- 
terauricular septum and the Eustachian valve, which at this stage of de- 
velopment is relatively large and almost completely partitions it from the 
cavity of the auricle. As the heart grows, however, the region about 
the Eustachian valves grows very little, and the sinus reuniens becomes 
incorporated within the right auricle, so that in the adult it is repre- 
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Fig. 5. — Diagram showing abnormal electrocardiograms and the structures In 
which they arise. 

R.ACCEL., electrocardlograin resulting from etimulatloa of the right accelerator 
nerve; P, 3, T waves Increased. R wave diminished. 

L.ACCBL, effect o( stimulating the left accelerator; P and R waves diminished, 
S wave Increased, T wave inverted. 

A. FIBRTIX, auricular fibrillation, P wave absent, replaced by numerous small 
undulations. 

SUP V.C.EX9YS, right auricular extrasyatole arising in the vicinity of the 
lower end of the superior vena cava (especially in the vicinity of the Kelth- 
Plack node) ; all the waves normal. 

INF V.G.EXSTS, right auricular extraaystole arising In the vicinity of the 
inferior vena cava; P wave Inverted. 

I^A.KXSYS, extraeystole arising la the left auricle; P wave Inverted. 

R.V.HYPERT, hypertrophy of the right ventricle, all the waves normal, but 
R wave Increased. 

L. V. HTPERT, all waves, but especially the R wave Inverted; or S wave 
increased. 

RV EXSYS, extrasyatole arising in the right ventricle, ehowlng an absence 
of the P wave, and an abnormal ventricular wave, consisting of a large Initial 
wave followed by a depression and a second smaller wave. 

LV EXSYS, extraaystole arising In the left ventricle, showing a large Initial 
depression followed by a large slow wave. 

A-V EXSYS, extrasyatole arising In the node of Tawara or the His auriculo- 
ventrlcular bundle, accompanied by synchronous contraction of auricles and 
ventricles, showing absence of the P wave and slightly abnormal ventricular 
waves. 

R A-V B, electrocardiogram due to a myocardial lesion affecting the right 
branch of the aurlcu I o ventricular bundle; P wave normal, other waves re- 
sembling those due to a left ventricular extrasyatole. 

L A-V B, electrocardiogram due to a myocardial lesion affecting the left branch 
of the aurlculo ventricular bundle. 
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sented by only a few bundles of smooth muscle fibres lying indefinitely 
between the venae cavae and the auricle proper (Fig. 5). In 1906 Wencke- 
bach described one of these bands which crossed the veno-auricular junc- 
tion from the superior vena cava to the upper surface of the right auri- 
cle and penetrated downward toward the coronary sinus. This was soon 
confirmed by Keith and Flack/^ who showed that there was connective 
tissue all around this bundle or node, although they showed that there 
were other muscular connections with both superior and inferior venae 
cavae. Their anatomical observations have been confirmed by Schcen- 
berg/^ W. Koch/* Lewis and Oppenheimer^^ and a host of others. 

Mac William^® and later Adam^^ had shown that the intervenous region 
is the only one at which the application of heat or cold changes the pulse 
rate. 

Fredericq, Langendorff and Lehmann/® and Erlanger and Black- 
man^® brought a good deal of evidence to show that the contraction 
begins in the right auricle and is dependent upon the region around 



Fig. 6. — Tracing taken in D2 showing hypertrophy of the right ventricle. 

the great veins. Quite recently, however, Wybauw has shown by means 
of the electrocardiogram that the region of Keith and Flack's node be- 
comes negative before any other part of the auricle, and Lewis and 
Wybauw^^ have shown that when artificial stimuli (induction shocks) are 
applied to any other part of the heart the resultant electrocardiogram is 
atypical, and that an electrocardiogram of normal form is obtained only 
as the result of stimuli arising at the Keith-Flack node. Cohn and 
Kessel^^ have found that excision of this region was followed in most 
of their perfused hearts by great slowing of the heart. Flack and also 
Jaeger,^^ however, have destroyed it without producing any marked 
disturbance of rhythm, so that in spite of the predominance of 
evidence in favor of the Keith-Flack node as the normal pace-maker of 
the heart, some contradictory evidence still remains to be explained. 

In the frog it can be seen that the contraction which originates in the 
sinus passes on to the right auricle. Bond^^ has demonstrated that just 
after the contraction of the auricle, the muscle fibres about the auri- 
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culoventricular ring may be seen to contract, and this is followed by con- 
traction of the ventricle. In the mammalian heart it is probable that 
the same sequence takes place. From the right auricle it passes to 
the ventricles over the His bundle and its ramifications, the so-called 
conduction system. As His,^* Keith,^^ and Tawara^*' have shown, this 
system of fibres is distributed in the form of the Greek letter A. The 
upper end is composed of a dense plexus of peculiar muscle fibres, the 
so-called Purkinje fibres, mononuclear striated muscle cells smaller than 
the ordinary heart-muscle cells and very rich in perinuclear granules. 
The shaft of the A forms the bundle first described by His which runs 
in the membranous septum only to bifurcate into two limbs which 
straddle the muscular septum, split up into subendocardial and intra- 
muscular fibres and distribute themselves to the wall and. papillary mus- 
cles of the corresponding ventricles. The bundle is quite rich in non- 
medullated nerve fibres and as Wilson^^ has shown, contains a number 
of ganglion cells. 

As regards the action of the cardiac nerves, Rothberger and Winter- 




Pig. 7. — ^Tracing taken in D3 showing hypertrophy of the left ventricle. 



berg have found recently that stimulation of the left accelerator gives 
a curve typical of overaction of the left ventricle, with inverted R and 
T waves, while stimulation of the right, besides acceleration, gives a curve 
resembling that of overaction of the right ventricle, i. e., very large 
P, R, and T waves (Figs. 6 and 7). These curves are exactly similar 
to the curves, which, when obtained permanently, correspond to hyper- 
trophy of the corresponding ventricle, as Einthoven has shown. They 
furnish also experimental confirmation for the anatomical findings of 
Lim Boom Keng^® and v. Schuhmacher,^® that the right and left cardiac 
supply the corresponding halves of the heart and spread but little to the 
opposite side. 

Rothberger and Winterberg found further that stimulation of the left 
stellate ganglion, at a period when the action of the sinus region was de- 
pressed by cooling with ethyl chloride, gave rise to synchronous con- 
tractions of auricle and ventricle, which could result only from stim- 
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uli arising in the bundle of His (Mackenzie's nodal rhythm). In these 
cases the electrocardiogram shows no P wave whatever, because the P 
falls in the time of the R wave. The pulse rate in such cases is not 
extremely fast nor nearly as high as that in paroxysmal tachycardia. 

By means of the electrocardiogram, as well as the phlebogram, it is 
possible to divide the arrhythmias into several distinct groups: — 
, I. Irregularity of extracardiac origin, simple changes of .rate or in- 
stability of rhythm due to periodic ' stimuli arising in the extracardiac 
nerves, the vagi or the accelerators. These nerves are normally in con- 
stant tonic activity, and the resultant of their tonic activity determines 
the heart rate. We know, of course, that stimulation from the cerebral 
cortex inhibits the vagi and stimulates the accelerators, and thus causes a 
quickening- of the heart rate. We know that increased intracranial pres- 
sure causes a stimulation of the vagi and a slow heart rate. Other stimuli 
which act upon the vagus center in the medulla may cause such an in- 
hibition or slowing of the pulse. Th6 most common of these periodic 
stimuli comes up from the diaphragm at each inspiration. Einthoven, 
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Fig. 8. — Diagram showing the relation of the afferent impulses in the vagus 
to the threshold of irritability of the medulla. +, medullary irritability in- 
creased. The tracing shows the respiratory arrhythmia. 



Flohil and Battaerd^^ have recorded the electric changes in the vagus, 
and found that at each inspiration there is a wave of negativity (Fig. 
8). Ordinarily this has no effect, because it is far below the threshhold 
of stimulation to the medulla. But if any other stimulation is present 
and added to this, it may raise the reflex stimulation above the thresh- 
hold and cause it to become an active stimulation, so that we may have 
a slowing (or sometimes quickening) at this point. 
'^ Reflex stimulation of this sort may reach the medulla : — 
' 1. From cortical excitement (emotion or neurasthenia). 

2. From intracranial pressure (meningitis, brain tumor, etc.). 

3. Reflexes from nasal septum. 

/ 4. Reflexes from abdominal organs (uterus, stomach, intestines, pros- 
tate, enteroptosis). 

5. Increased irritability from toxic agents (tobacco, tea, coffee). 

In all these cases the arrhythmia can be removed by a dose of atro- 
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pine, and in all, except the intracranial pressure group, the blood-pres- 
sure is usually low. 
^ IL Tumors or adhesions along the course of the vagi or accelerator 

nerves, which may press or tug on these nerves during inspiration. 

7^ 



IrrEgui^arity Arising Within the Heart Itself to Abnormalities 
IN THE Origin or Propagation of the Impulse. 

'AH these forms may arise from the action of poisons upon the heart 
muscle. Most are to be found in the two classic papers of Cushny on 
digitalis and aconite. The diseased heart muscle acts in general like a 
poisoned heart muscle, and may indeed always be an example of a chronic 
poisoning. Most of the cardiac irregularities are brought about by the 




Fig. 9. — Tracing taken in Dl showing an auricular extrasystole arising near 
the superior vena cava. EXSYS, extrasystole. 

occurrence of abnormal beats, which in turn correspond to a heightened 
irritability of the walls of the chamber in which they arise. Abnormal 
contractions may be of three types — (Hirschfelder^^) : 

1. Occasional premature beats (extrasy stoles) followed by pauses, 
causing an irregular rhythm. 

2. Approximate doubling of the previous rate setting in suddenly and 
subsiding suddenly. 

3. Fibrillary contractions, rapid irregular contractions in which the 
fibers of the chamber wall no longer contract simultaneously, but con- 
tract one by one without co-ordination, causing an irregular wavy move- 
ment of the cardiac wall which expends energy, but does not pump the 
blood onward. 

These three grades correspond to an ascending order of irritability : 
normal, —> extrasystoles, — > doubled rhythm, — > fibrillation, as can 
be shown by the following experiment : If we increase the irritability of 
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the wall by the mildest faradic stimulation, there is no appreciable effect on 
the pulse rate. If we increase the intensity of the stimulus a little more, the 
rhythm becomes irregular, by the occurrence of occasional premature beats 
(extrasys-toles) which replace some of the regular beats and are followed 
by a pause, longer than the usual interval between the heart beats. The 
regular beat + premature beat (extrasystole) + pause are known as a 
"bigeminus." In clinical and pathological conditions such heightened 
irritability is usually the result of stasis and sudden dilatation of the cham- 
ber, from inability of the heart to empty itself, from stenosis of a coronary 
artery (Lewis),^^ or from action of some poison upon the heart muscle, 
Extrasystoles may also occur perhaps reflexly in gas tro- intestinal dis- 
turbances, especially gastro-intestinal distention. 

Extrasystoles may arise in any part of the heart — in the sinus region, 
in other parts of the right auricle, in the left auricle, in the auriculoven- 
tricular bundle, in the right ventricle, or in the left. Each of these forms 



Fig. 10. — Tracing Bhowlng auricular extraBystoles arlalng from an abnormal 
site. 
The P waves of the eitrasyatoles are inverted. 

has certain distinctive characteristics by which it may be recognized clinic- 
ally. 

In all auricular extrasystoles, in contrast to ventricular extrasystoles, 
the form of the venous pulse wave is normal, though occurring prema- 
turely, and the jugular pulsation presents nothing abnormal on inspection, 
except irregularity in rhythm. The pause following the extrasystole may 
be shortened (bigeminus less than the time of two regular pulse intervals.) 

By the ordinary graphic methrds, studies by Hirschfelder and Eyster** 
have failed to reveal any differences between extrasystoles produced ex- 
perimentally in different parts of the auricles, but recently Lewis and 
Wybauw have shown that this may be done with the electrocardiograph. 
According to these observers, an extrasystole which arises from a stimu- 
lus near the superior cavo-auricular boundary has the norma! form of 
electrocardiogram and differs from the normal only by having smaller 
R and T waves. The P wave is normal (Fig. 9). If the extrasystole 
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arises in the vicinity of the inferior vena cava, the P wave is inverted 
(Fig. 10); but as he and Rothberger and Winterberg have shown, 
this may also be true when it arises in the left auricle. 

When the extrasystole arises in the cells of the auriculoventricular 
bundle, the impulse is conducted in both directions and the auricles and 
ventricles contract simultaneously. Bond has been able to watch this 
process in the frog, in which he could see the auriculoventricular muscle 
fibers contract first, and this was followed by the contractions of auricles 
and of the ventricle, which contracted at the same instant. In mammals if~''~ 
cannot be decided whether the fibres of the conduction system conduct or ^ 
merely contract, but extrasystoles in which auricles and ventricles con- 
tract simultaneously (nodal extrasystoles) are occasionally met with. In 
the venous pulse these are indicated only by an absence of the auricular 



Fig. 11. — Tracing taken In Dl, shoving an extrasyetole arising In the right 
ventricle. 

The extraayBtole Is followed by & contraction of the aurlclCB (P wave) oc- 
curring at the usual time. 

(a) wave and in the electrocardiogram by the entire absence of the P 
wave, while the normal R and T still persist. This form of electrocardio- 
gram is pathognomonic. "" 

Extrasystoles may also arise in either ventricle (Figs. 11 and 12), 
especially when there is a high blood-pressure and the chamber fails to 
empty itself. No matter where the extrasystole arises, the two ventricles 
contract almost synchronously, though the chambers in which the abnor- 
mal impulse arises may precede the other ventricle by about .02 second. 
Kraus and Nicolai have shown that the electrocardiograms of these extra- 
systoles are absolutely characteristic for each chamber. The venous pulse 
tracing, therefore, shows merely that a ventricular extrasystole has 
occurred, as indicated by the large wave during ventricular systole not 
preceded by an auricular (a) wave ; but as Kraus and Nicolai have shown, 
the electrocardiogram gives tracings which are absolutely typical for 
right and left ventricle, and indeed are quite opposite in sign. Such 
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electrocardiograms have shown, in the same patient, extrasystoles some- 
times in the right ventricle, sometimes in the left (FJg. 13). 

Clinically, extrasystolic irregularities are very common, and the ques- 
tion naturally arises as to what pronostic significance we shall attach to 
them. ' Most observers, among them Mackenzie^* and Mueller,^ believe 
;khat the occurrence of extrasystoles always indicates the presence of a 
focus of myocarditis, and a more or less extensive lesion of the heart 
muscle, but this view is founded upon evidence that is by no means 
conclusive. Mackenzie, who has by far the most extended experience, 
states that he has had patients with occasional extrasystoles, who "have 
been under observation for many years without appreciable change in 
their condition. It is quite frequent to meet with persons, otherwise 
apparently healthy, who are subject to extrasystoles during periods of 
gastro-intestinal disturbance, especially flatulence and tympanites. Each 




Fig. 12. — Tracing taken in D2, showing an extrasystole arising in the left 
ventricle. 



extrasystole may be accompanied by a distinct sensation of palpitation, 
and may be a source of great annoyance to the patient ; and yet the latter 
is able to undergo muscular exertion without signs of cardiac weakness. 
In such persons, as Mackenzie states, the extrasystoles may be regarded as 
of no little or no prognostic significance, and the patient's general con- 
dition may be taken* as the best index. There is another group of cases, 
however, whose heart rate is regular when at rest, but in whom extra- 
systoles set in as a result of exercise. In these persons the extra- 
systoles are to be regarded as an expression of a definite form of cardiac 
weakness, and they must then be taken into consideration like dyspnea, 
precordial pain, or any of the other danger signals of the circulation. 

When the irritability of the heart is very much increased or there is 
persistent stasis in the auricles, the co-ordinate contractions of the latter 
may give way to fibrillary contractions. Hirschfelder and Eyster have 
found with the capillary electrometer, and Rothberger and Winterberg^* 
and Lewis^*^ with the Einthoven galvanometer^ that the electrical varia- 
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tion accompanying each fibrillation is about as great as that accompany- 
ing each regular auricular contraction ; and so one may suppose that the 

cardiac stimulus is about as great. Hirschfelder^^ has found that when a 
heart is stimulated by induction shocks too fast for it to follow, it responds 
more or less irregularly, at first by the omission of a few beats and an 
occasional beat, and in other cases by responding to only half or one- 
quarter of the original number of stimuli. It seems probable, therefore, 
that the fibrillating auricle with its 400 to 600 impulses per minute 
gives birth to such stimuli — impulses which are too fast for the ventricles 
to follow completely. Accordingly, the ventricles respond irregularly, 
sometimes to one impulse, sometimes to another, and a permanent irreg- 
ularity in which, as the electrocardiogram shows (Fig. 14), the ventric- 
ular impulses follow the normal course along the auriculo ventricular bun- 
dle. 

It is this form of arrhythmia which constitutes a large proportion of 



Fig. 13. — Tracing taken in D2, Bbowing one eztraaj'stole arising la the right 
ventricle and one arleing In the left ventricle. 

the absolute arrhythmias that are common in cases of old mitral disease 
and old myocarditis, and which Mackenzie formerly supposed to be due to 
a "Nodal Rhythm." The veins in these cases are usually full, and since 
the auricles no longer contract forcibly, the auricular (a) wave is absent 
from the venous pulse and the P wave from the electrocardiogram. The 
venous pulsation is either entirely absent or is represented by a single 
wave with a plateau or M-shaped crest coincident with ventricular systole. 
The electrocardiogram shows a normal R wave or an inverted with T 
usually diminished or absent; but the characteristic feature lies in the 
fact that the P wave is absent and the fibrillary contractions of the auri- 
cles are represented by irregular undulations occurring during both the 
systolic and the diastolic periods. 

Clinically, it is usually, though by no means always, possible to diagnose 
this form of arrhythmia by simple inspection of the jugular pulsation. 
In these cases the jugular pulse is "single" (i. e., one pulsation accom- 
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panyin^ each beat of the heart or each carotid pulsation) in contrast to 
the normal vena! pulse which is "double" (two pulsations accompanying 
each heart-beat). The pulsations are almost always very small and the 
veins stand out full and prominent. Ventricular extrasystoles, which 
are occasionally present, can be distinguished as large waves which shoot 
up along the external jugular even as far as the upper border of the 
sternocleidomastoid, furnishing a striking contrast to the small pulsations 
from the auricular fibrillation. 

Irregularities of this form often persist for years, and usually are 
accompanied by a condition of cardiac dilatation and weakness (Fig. 22). 
They may be present in mitral disease during the transition periods of 
heart failure, with the subsidence of which the rhythm returns to normal. 
Occasionally persistent fibrillation of the auricle and permanent irreg- 
ularity may persist in an individual who is not suffering from symptoms 
of cardiac weakness, and as such it may not greatly affect the duration 
of life. It is this form, as Cushny™ and Windle** have shown, which 



Fig. 14. — Tracing taken In D3, showing auricular flbrlllation. Bbeolute 
arrhythmia, and hypertrophy of the left ventricle; also one estraaystole arising 
In the left ventricle. 

shows the greatest improvement under digitalis, probably because the 
latter stimulates the vagus, and, by blocking many of the irregular im- 
pulses from reaching the ventricle, allows the latter to attain a slower rate 
and thus to recover. The prognosis in most cases of auricular fibrillation 
is therefore not a good one, though the condition itself does not spell 
impending death. 

The ventricles, which are the motive power of the circulatory pump, 
pump strongly though not regularly, and continue to pump at a rate 
which maintains the velocity of the blood stream and responds to its 
altered needs. More commonly, however, when the auricle fibrillates, 
the ventricle is already following at its fastest pace and cannot increase 
its rate to meet increased demands upon it during exertion. It is meas- 
ured entirely by the ability of each heart to respond to the increased 
demands upon it; by the symptoms of the patient rather than by the 
nature of the arrhythmia. 
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Another very closely allied form of disturbed rhythm with increased 
irritability is thee condition known since Bouveret*^ as idiopathic par- 
oxysmal tachycardia. In this condition, as in the experiments already 
quoted, the heart rate suddenly, within a single cardiac cycle, rises to 
about double the original rate, and persists at this rate for a time varying 
from a few seconds to weeks or even months, subsiding equally suddenly 
to the original rate. 

Such paroxysms cannot be produced by either paralysis of the vagi or 
stimulation of the accelerators in man or animals (Gerhardt,*^ Hirsch- 
f elder). They can, however, be reproduced in dogs by faradizing the 
auricles (Hirschf elder) or by ligating the right coronary artery (Lewis). 

By the former method four types may be obtained: — 

1. Approximate doubling of the auricular rate, with lengthened or with " ^ 
shortened conduction time.* 

2. "Doubled" rate, with synchronous contractions of auricle and ven- 
tricle (nodal tachycardia). 

3. **Doubling" of the rate in the ventricle, which may precede the 
auricle and become the pace-: maker of the heart. 

4. Fibrillation of the auricle, which the ventricle follows at a regular 
rate instead of at the irregular rate characteristic of the absolute arrhy- 
thmia. ""^ 

In man, two types of paroxysmal tachycardia have been observed, some 
with a persistent (a) wave upon the venous pulse and some with a venous 
pulse of the ventricular type. The former is more common in cases with 
short paroxyms. Lewis^^ and Marris^ have thus far described par- 
oxysms of the auricular and the nodal type in man, and cases seen at the 
Johns Hopkins Hospital have all shown normal or inverted P waves, so ^^> 
that the causation of such paroxysms from ectopic auricular impulses in 
man is certain. Up to the present, no definite examples of auricular fib- 
rillation in human paroxysmal tachycardia have been revealed by the 
electrocardiograph, so that it is evident that the response of the human 
heart and that of the dog's heart to auricular fibrillation are different. 
While the dog's heart, which is capable of a more rapid rhythm, may 
respond to the fibrillation with a perfectly regularly beating ventricle, at 
the accelerated rate this pace becomes too fast for the human ventricles 
to follow, and the rhythm becomes irregular. Whether paroxysms of 
tachycardia without irregularity ever results in man from auricular fib- 
rillation can be decided only after a sufficient number of cases have been 
observed with the electrocardiograph. 

The tendency to paroxysmal tachycardia seems to indicate a physio- 
logical state of the heart muscle, rather than an anatomical lesion, for in -X 
some cases it may be present for thirty or fifty years without any accom- 
panying heart failure or indeed any lesion in the heart at autopsy. In 

*The change of rate consists in an absolutely abrupt increase to form 1.6 
to 2.1 times the previous heart rate, setting within less than the period of two 
cardiac cycles and subsiding with the same suddenness. 
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others, however, especially where there is some complicating disease, it 
accompanies disease of the coronary arteries (Rombergf**^), and then, of 
course, it is of grave significance. Occasionally the paroxysms are brought 
on whenever the patient sits up in bed (orthostatic type), Hewlett,*® but 
they are usually quite independent of posture and muscular exertion. 

Disturbances in conductivity and contractility and diminution of irrita- 
bility may also lead to disturbances of rhythm, notably to heart-block. 

If the auriculoventricular bundle is injured either by an organic lesion, 
by asphyxia, or by a poison such as digitalis or aconite, the cardiac im- 
pulse no longer reaches the ventricle, or reaches it only occasionally. 
Gaskell*® has shown in frogs and turtles, and Erlanger*"' in mammals^ 
that if the auriculoventricular bundle is slowly clamped, the conduction 
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Fig«| 5.-^A,. Tenons and carotid arterial pulse from a patient ^Ith 
complete heart-block and pulse-rate of 3d per minute. B, electro- 
cardloffram from the same patient. Upper line, timer in flnhs of 
Becon<&, lower line, electrocardiogram. The rate of the atria is about 
twice .thai of the yentricles but the complete dissociation between 
the two is more readily discernible in the electrocardiogram than in, 
the retaouB tiacing. 

(After Barker, Hirschf elder and Bond, Jour. Amer. Med. Assoc, 1910, Iv., 
1360). 
Tracing taken with the small Edelmann galvanometer. 

time is at first gradually lengthened, then alternate beats of the ventricle 
drop out (partial heart-block, 2:1 rhythm), then the block becomes still 
more intense and a 3:1 or 4:1 rhythm results. If the clamp is now still 
further tightened, or if from the first it was tightened suddenly, all im- 
pulses are cut off from the ventricles and the latter cease to contract for 
a considerable period (several seconds to half a minute) until they develop 
a rhythm of their own, which is slower than the rate of the auricles, but 
bears no relation to them. This pause and subsequent development of 
the rhythm, as shown by His and Erlanger, represents the cessation of the 
pulse, the period of syncope, and the onset of bradycardia in the Adams- 
Stokes syndrome. 

Heart-block can in most cases be diagnosed clinically by inspection of 
the venous pulse, when in a case of bradycardia three or more wavelets 
can be discerned over the jugular vein for each pulse wave in the carotid. 
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especially if synchronously with these wavelets the faint ticking sounds 
of auricular contractions can be made out over the heart. Care must be 
taken, however, to distinguish these from the third heart sound, which 
they closely resemble. 

In the venous pulse tracing there is rarely any difficulty in making out 
several auricular (a) waves recurring at regular intervals. This is still 
easier in the electrocardiogram, for the P waves there are undisturbed 
by the undulation of ebb and flow, and stand out sharply marked upon 
the curve (Fig. 15). 

Recently, studies by Gibson,*® Thayer and Peabody,*® and others have 
shown that in most cases of Adams-Stokes disease the vagi exercise a 
considerable influence upon the block, especially where the latter is not 
yet complete. In such cases the condition represented is: Block due to 
injured His bundle + block due to vagus action. In this case we are 
dealing with a double vicious circle. 
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In such cases as Gibson and Thayer have found, administration of 
atropine may cause lasting improvement or even disappearance of the 
block by removal of the vagal element, improving the circulation through 
the bundle and allowing it to recover a certain degree of its conductivity. 

The association of ventricular extrasystoles with Adams-Stokes syn- 
drome is quite common and may occur in two ways : — 

1. Extrasystoles may arise in the slowly beating ventricle during com- 
plete heart-block (notably in the cases of Thayer and in one of the experi- 
ments of Erlanger and Hirschfelder) . 

2. Extrasystoles too weak to open the aortic valves may occur in a 
heart without any heart-block; and if two or three follow one another 
between the regular beats, they may give rise to pauses so long that the 
brain becomes anemic and the Adams-Stokes syncope sets in, as in a 
case reported by James, and in another recently observed at the Johns 
Hopkins Hospital. 

Occasionally cases of extreme bradycardia (less than 35 beats per 
minute) have been reported in which a ventricular type of venous pulse 
was obtained with no trace of auricular contraction upon it. Mackenzie 



28 HIRSCHFELDER: STUDIES OF HEART 

believed that in such instances the cardiac impulse was originating in the 
auriculoventricular bundle, and termed them "nodal bradycardias"; but 
Lewis, as well as Thayer and Bond, ^ has found that in such instances 
the electrocardiogram revealed auricular fibrillation plus a complete heart- 
block. 

Towards the therapeutics of heart-block, little has been accomplished. 
The problem of treating heart-block is a two-fold one: — 

1. In partial heart-block, the aim should be toward diminishing the 
degree of block, and for this purpose atropine is indicated and digitalis 
distinctly contraindicated. 

2. In complete block, once established, it is useless and may even be 
dangerous to try to restore conductivity. What is needed here is merely 
to quicken the rate of the independently contracting ventricles in order 
to maintain the circulation. Bachman has shown that this may sometimes 
be done by administration of strophanthin, a drug which itself diminishes 
conductivity. This drug, as well as other digitalis preparations, may, 
perhaps, by increasing the irritability and rhythmicity of the ventricles, 
prove valuable w easels in which the block is already complete, in spite of 
the fact that it is harmful in cases in which the block is partial. The 
degree of the block in each case should be carefully studied by graphic 
methods before it is used. 

Electrocardiographic studies have also thrown light upon another type 
of partial heart-block, the partial interventricular block. Barker and 
Hirschfelder,^^ had shown that cutting the left branch of the His bundle 
did not give rise to any block between the right and left ventricles or 
hemisystole. These results have been confirmed by Cohn and Trendelen- 
burg,*^^ and by Rothberger and Eppinger. The latter observers have 
found, however, that when the left branch of the bundle is cut, the ven- 
tricular portion of the electrocardiogram assumes the form of right ven- 
tricular extrasystoles ; and when the right branch is cut it assumes the 
form of left ventricular extrasystoles, although both ventricles still con- 
tract. The excitation evidently reaches the intact side of the heart first, and 
this determines the form of the electrocardiogram. By these criteria 
Eppinger and Stoerck^ have been able to diagnose correctly endocardial 
lesions affecting one branch of the bundle of His in two cases. That 
the criterion alone is fallacious was shown by a case whose electrocar- 
diogram would correspond to that of a lesion in the left branch of the 
His bundle, which was recently under observation in the Johns Hopkins 
Medical Clinic, for no lesion of the bundle was to be found at autopsy. 
More cases of this type will have to be observed before the diagnosis 
can be made with certainty. 
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PART II. 

The Filling and Emptying of the Heart under Normal and 

Pathological Conditions. 

Very few of us have obtained from clinical observation of the patient 
a very clear idea of exactly how fast and to what extent the normal 
heart empties itself in systole, and whether that occurs as one sudden 
spurt at the beginning of systole, or as a uniform outflow throughout the 
systolic period. Nor have we, as a rule, a very clear idea of just how 
much residual blood there is left within the ventricles at the end of the 
systolic contraction, nor to what degree the amount of residual blood 
may vary before signs of cardiac weakness show themselves. On the 
other hand, our ideas of diastole have been equally hazy. We cannot 
learn from clinical observation, whether the ventricles are filled by a 
steady stream, or whether, as Harvey supposed, but little blood enters 
them until forced in by the active contraction of the auricles ; nor do we 
know by any clinical evidence the exact position which the valves occupy 
in diastole. All these points are, as you shall see, matters which directly 
concern us in physical diagnosis and in treatment, but they cannot be 
made out by physical diagnosis nor even by examination with the fluoro- 
scope and the orthodiagraph. They can be studied only by accurate 
registration of the change in volume of the heart. 

Such records have revealed a good deal that is important in normal 
and in pathological conditions, and have thrown light ( 1 ) upon the causa- 
tion of abnormal heart sounds, (2) upon the border-land between exer- 
cise and cardiac overstrain, (3) upon the interpretation of the functional 
tests of cardiac efficiency, and (4) upon their bearing on gymnastic treat- 
ment and hydrotherapy, and (5) lastly, have taught us much regarding 
the action of drugs and the indications for using them. 

Our accurate knowledge concerning the filling and emptying of the 
heart may be said to date from the studies of Prof. Yandell Henderson,*^* 
(Fig. 16) of Yale in 1906. Henderson took a rubber ball, inserted a 
glass tube on one side, and cut a window on the opposite side large 
enough to slip the ball over the heart. He cemented a ring of thin 
rubber dam around the edges of the window, so that when the ball was 
slipped over the ventricles it fitted air-tight about the auriculoventricular 
groove, enclosing both ventricles in an air-tight chamber. When the glass 
tube is then connected with a large recording tambour, changes in volume 
of the ventricles may be recorded as rapidly as they take place. For 
comparison with pulse curves, it is a little more convenient to turn the 
tambour upside down, so that upstrokes indicate outflow from the ven- 
tricles, downstrokes indicate filling, and a level line shows that no change 
of size is taking place at all. 
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Henderson showed that if we record the volume curve of a rather slow 
heart, we find that the following events occur in the cardiac cycle: — 

1. An instant (.03-.07 second) just before the aortic valves open, dur- 
ing which there is no change in size. This, as phonographic records 
teach, is the period of the first heart sound, and represents almost its 
entire duration. 

2. Then comes the period during which the blood is forced out of 
the ventricles in a uniform spurt. This lasts about .25 second, until the 
end of systole. This is the period of the short pause between the heart 
sounds. As we shall see later, the normal heart does not empty itself 
completely in systole. 




Fig. 16. — Device for registering changes in volume in the mammalian heart, 
showing the cardiometer (CARDIOM) in place with the rubber ring fitting 
tightly over the auriculoventricular groove. The recording tambour is in- 
verted, so that upstrokes indicate diminution in the size of the heart. [From 
Hirschfelder's, Diseases of Heart and Aorta. Reproduced by courtesy of J. B. 
Lippincott Co.*] 

3. At the instant that systole ends, aortic and pulmonary valves slap 
closed, the second heart sound occurs, the mitral and tricuspid valves 
open, and the ventricles begin to fill. The pressure of blood in the auri- 
cles and veins drives the blood into the ventricles. This rush of blood 
fills the ventricles quickly, almost as quickly as they empty themselves 
in systole, and it fills them so completely, that when the pulse rate is 
slow the walls of the ventricle are stretched and the filling comes to an 
end some time before the auricle begins to contract. 

4. There is, .therefore, a period which Henderson terms "diastasis," 
in which little or no blood enters the ventricles, but in which it stagnates 
in the auricles and veins. 

5. This is followed by the period of auricular systole, when the auricle 
contracts and pumps a very small amount of blood into the ventricle, 
usually less than one-fourth the total amount. 

We can obtain a very clear picture of the filling of the heart by a 
very old and a very simple experiment which was devised by A. Baum- 
garten,^^ in 1843. If we obtain an ordinary calf's heart or pig's heart, 
and cut away the auricles so as to expose the mitral and tricuspid valves. 



♦The Publishers are also indebted to J. B. Lippincott Co. for permission to 
reproduce Figs. 71, 79, 117, 118, 131 and 132-1, from Hirschfelder's Diseases of 
Heart and Aorta. 
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Fig. 17.^ — Diagram showing the events of a elngle cardiac cycle. The upper 
curve indicates the pulse In the aorta. The blacb rectangles indicate the Inci- 
dence of the heart sounds. The hearts shown Beml-schematicall; below Indicate 
the relative volumes at different phases of the cardiac cycle corresponding to 
the normal volume curve which constitutes the lowest curve In the flgure. 
These hearts are drawn by referring the corresponding points upon the volume 
curve to a common base-line, and taking the ordlnatea as the long axis of the 
heart. The changes in appearance are slightly eza^erated. 

Downatrokes represent filling, upstrokes represent emptying of the ven- 
tricles. The sketch at the transition from diastole to diastasis represents the 
probable position of the mitral and tricuspid valves at that instant. The sketch 
at the right indicates the period of auricular systole. The heavily shaded zone 
Indicates the amount of residual blood. 
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we can pour in water from a beaker above them and can watch the filling 
of the ventricles. If we pour it in slowly from a very small height, the 
ventricle is filled slowly and is not dilated by the inflow, and when filling 
ceases the valves remain widely separated. If we pour it in from a 
height of 10-20 cm., the ventricle fills more completely, and at the end of 
the influx the valves are foui-.d to be floated or slapped together along 
the greater part of the line of closure, and they are separated over only 
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Tig. 18. — Diagram showing the effect of Ta.rylng venous pressures upon the 
volume of the heart, upon the rapidity of filling of the ventricles (volume 
curve), and upon the position assumed hy the mitral and tricuspid valves at the 
end of the first InSow Into the ventricles. The figure to the left shows the 
valves remaining open, that In the middle shows partial closure (functional 
stenosis), that upon the right complete diastolic closure. 

a small area. If we pour the water in from a height of many centi- 
metres, the ventricle is overfilled and dilated by the inrush of the stream, 
and its walls are put upon the stretch, so that as soon as the inflow ceases 
the stretched muscle recoils and the valves are suddenly snapped together. 
This is exactly what occurs in the normal heart at the end of the rapid 
filling, especially in the heart of a young person or animal whose heart 
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walls have a high elasticity. Such a slapping together of the valves would 
naturally give rise to a recoil wave upon the pulse in the jugular vein, 
and in 1907, while examining a very athletic young man whose heart 
rate was slow, I encountered exactly such a wave upon the venous pulse.®® 
I noticed that at the instant of this recoil wave (which I desig- 
nated by the letter h), there occurred a very faint third heart sound, the 
sound of protodiastolic gallop rhythm; and I then suggested that both 
the wave and the heart sound might be due to this diastolic slapping to- 
gether of the valves. The same explanation was given independently some 
months later by Gibson®'' and Thayer,®® and Einthoven®® has recorded such 
a sound with the microphone, and finds that it occurs 0.18 of a second 
later than the second sound, at exactly the instant when it might be 
expected from the shoulder on the volume curve. Quite recently I had 
further confirmation of this while examining a man, whose left chest 
wall was removed for empyema, and whose left ventricle therefore ex- 
panded and contracted just under the skin. The emptying and filling and 
the diastasis lasting 2/5 of a second, could be easily seen ; and a definite 
third heart sound could be heard at the apex at the very instant that 
filling of the ventricle became complete. 

The third heart sound is very soft and distant, not louder than the 
tick of a watch, and sometimes has a slightly rumbling character. It is 
very easy to miss unless one is listening particularly for it, determined 
to catch the faintest possible sound, — and then its detection is quite simple. 

Thanks to Thayer, we know now that this third heart sound is a normal 
and frequent occurrence. It is met with in SO per cent, of all normal indi- 
viduals, and between the ages of ten and twenty it is found in 85 per 
cent. It is most frequently heard at the apex when the subject is lying 
on the left side, but very often is heard over both ventricles or indeed, 
over the whole precordium. 

Now, I do not wish to leave you under the impression that I believe 
that the mitral and tricuspid valves are always completely closed during 
the greater part of diastole ; the same experiment, which shows that the 
cusps close, shows equally well that unless the valves are closed very 
tightly they quickly reopen at least one point along the line of closure. 

The exact position which they assume depends upon various factors. 
If one pours fluid into the ventricle from a height of 2 to 5 cm. the cusps 
remain open throughout. If one pours it in from a height of 10-20 cm., 
they close everywhere except at one small iarea near the middle. There 
is a functional stenosis. If one pours it in from a much greater height, 
they snap entirely together. The functional stenosis of the mitral orifice 
can be produced also whenever there is a certain balance between the 
pressure in the auricle and the pressure in the ventricle. This reaches 
its ideal condition in aortic insufficiency, in which the intraventricular 
pressure during diastole may be relatively high and require a forcible 
auricular contraction of the auricle to overcome it; and a thin stream 
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is forced through the narrowed orifice downward toward the ventricle. 
In aortic insufficiency the jet of blood regurgitating from the aorta often 
strikes forcibly against the anterior cusp of the mitral valve, and by its 
impact pushes it over into the mitral orifice, thus adding to the forces 
which tend to produce a functional stenosis (Hirschfelder®®). 

The presystolic murmur, ordinarily known as the Flint murmur, which 
is so common in aortic insufficiency, but so transitory in its duration, might 
easily be caused when a functional stenosis of the mitral is produced by 
such a balance between the pressure within the ventricle and that within 
the auricle. It is, indeed, interesting that Austin Flint,®^ himself sug- 
gested the possibility of such a functional stenosis; but, as he gave no 
evidence to show how it might occur, the suggestion gained no credence. 



FIRST 
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Fig. 19. — ^Volume curve in experimental mitral stenosis and its relation to 
the heart sounds and rumbles. The light broken line indicates the normal 
volume curve. The first heavy line indicates the volume curve in mitral 
stenosis; the shaded black rectangles indicate the first, second, and third heart 
sounds, the shaded portion indicates the middiastolic and presystolic (PRESYS) 
rumbles. AUR indicates the period of auricular systole. 



Moreover, in aortic insufficiency we find loud third heart sounds and 
middiastolic rumbles, all phenomena which are in accordance with this 
theory of the diastolic approximation of the valves. 

In mitral stenosis, on the other hand, we have a different phenomenon. 
Here we have to deal with three kinds of sounds in diastole; a rather 
early and loud third sound or protodiastolic gallop rhythm, a middiastolic 
rumble, and a presystolic or auriculosystolic crescendo murmur. If we 
produce an experimental stenosis of the mitral orifice we find that the 
form of the volume curve changes. Less blood enters the ventricle in 
early diastole and the stagnation in diastole sets in earlier. Correspond- 
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ing to this there is a very early protodiastolic sound or third heart sound, 
and if the valves are thickened it is louder and more distinct than usual. 
Indeed, it was just in mitral stenosis that this sound was first described 
by Bouillaud in 1835 as the bruit de rappei or "echo sound." 

This sound is often prolonged into the middiastolic rumble. Potain 
and Sansom thought that both the sound and the rumble are due to an 
■'opening snap" of the mitral valve, but it appears to me more likely that 
it is a "closing snap'-' accompanying the diastolic closing or partial closing 
of the valve. James Mackenzie^^ calls attention to the fact that we can 
differentiate this middiastolic rumble from the presystolic, by the fact 
that it is decrescendo in character, while the presystolic, or as Gairdner 
termed it, the auriculosystolic nimble, due to contraction of the auricle, 
is crescendo in character. 

These I think may show you some of the points in which studies upon 



Fig. 20. — Volume curves of tbe ventricles at increasing pulse r&tea. Tbe 
sliaded zone Indicates tite amount of blood wltliln the lieart at each Instant, 
the sketches at right and left indicating the size of the heart pictorlally. The 
light broken line indicates the volume curve as It would appear If the heart 
rate were alow. 

the volume curve have been of use to practical physical diagnosis. I shall 
now turn to the more practical side and show their bearing on the obser- 
vation and course of the disease. 

Henderson has shown that, under most norma! conditions, practically 
the same volume curve of which we have spoken is met with at all heart 
rates, except that as the rate becomes more rapid, the period of diastasis 
is shortened and finally is cut off entirely, so that the cardiac cycle then 
consists of the full period of outflow and the full period of rapid inflow 
and the period of auricular pumping. You will notice that although the 
rate is quickened the heart fills as much as before, each beat throws out 
as much blood as it did before, so that the total blood flow per minute 
is increased. If the rate is increased a little more, the diastolic filling is 
encroached upon and less blood has time to enter the ventricle, so that 



36 HIRSCHFELDER: STUDIES OF HEART 

correspondingly less blood is forced out. Within the normal rates, how- 
ever, this diminution in filling is proportional to the pulse rate, so that 
the product of outflow by rate is constant. That is, for example, at a 
rate of 60 the heart might pump out at each systole twice the amount of 
blood pumped out at a rate of 120, so that the amount of blood flowing 
through the aorta per minute in both cases would be the same. However, 
as the rate becomes too fast, the tonus of the heart muscle plays a more 
important role and prevents the proportionate tilling, so that it does not 
have time to fill, and consequently cannot drive out enough blood with 




Pig. 21. — Diminution In the volume of tlie ventricles and rise of venous pres- 
Bure In experimental paroxysmal tachycardia. Vent. Vol.=volume of the ven- 
tricles; Ven. F.^venous pressure; St. = stimulation o( tbe auricles wltb Induction 
sbocks. Sketches above Indicate size of beart at the corresponding period, 
as Indicated by the volume curve referred to Its base-line. This semldiagram- 
matlc representation slightly exaggerates tbe apparent change in size of tbe 
beart. (Illustration from autbor's article, Arcfi. of Int. Ued., Vol. VI.) 

which to keep up the circulation. We have then two forms of failure of 
the circulation from mere changes in rate: — 

1. Slowed circulation from too slow heart beat with a large heart — 
bradycardia — of which we have evidence in the syncope of Adams-Stokes 
disease. 

2. Slowed circulation from too fast heart rate with a small heart — 
tachycardia — of which we have ocasional examples in the synocope that 
occurs in paroxysmal tachycardia and in the fainting of athletes. 

You will see in the tracing an example of this shrinkage of the heart 
in a dog during the course of an experimental paroxysm of tachycardia 
from stimulating the auricle until fibrillary contractions of the auricle 
have set in ; and you will notice that with the onset of the tachycardia 
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the heart becomes much smaller — and the venous pressure rises, which 
shows that the blood cannot enter the ventricles because it has not time 
to do so. The circulation fails because the heart is underfilled. He be- ^ 
lieves that when the carbon dioxide of the blood falls below normal on 
account of too rapid breathing or of fever or acidosis, fluid leaves the 
vessels and passes into the tissues. The vessels thus become emptied just 
as they are emptied from hemorrhage, and pressure in the veins falls to 
so low an ebb that the heart is not well filled but remains much smaller 
than normal. Its contractions also are smaller, and so little blood is sent 
out into the arteries that the latter are not overfilled and the arterial. pres- 
sure falls in consequence. These views are somewhat at variance with 
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Pig. 22. — Effects ot producing an irregular rhytbin upon the volume of the 
ventricles. 

A — Bxtrasystollc irregularity produced by repeated Induction ehockB. I, I, I, 
Ineffectual estrasystolea too teeble to force the aortic and pulmonic valves open. 
DIL, dllaUtlon ol the ventricles. 

B— ContlnuouB bigeminal rhythm due to the entrance of a bubble of air in 
the right auricle showing the great dilatation of the ventricle as a result of the 
Irregularity. (Kindness of Dr. P. D. Cameron.) 

the theory of vasomotor failure which Romberg and Paessler,** Crile,'* 
and others have advocated, but Henderson,^ has been able to produce 
the whole group of conditions by over-ventilation of the lungs, and he 
has shown that the heart and most of the vessels are smaller in shock 
than at other times. Seelig and Lyon, on the other hand, have showrf'' 
that the viscera contain less blood in shock than under normal conditions. 
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We find the same condition — namely, the underfiHed heart, clinically in 
many cases when we examine the heart with the orthodiagraph or per- 
cuss its outlines very carefully. We also find these conditions in enter- 
optosis in which, just as Leonard Hill has shown upon the rabbit, which 
stands on its hind legs, the blood gravitates into the abdominal veins and 
does not fill the heart, in many patients during attacks of paroxysmal tachy- 
cardia, and in some cases of neurasthenia with manifestations of cardiac 
weakness, and, as Dietlen and Moritz*"* have shown, in some cases of 
syncope from overexertion. Of the two latter conditions, the primary con- 
dition may be a too rapid respiration washing the COa out of the blood 
and thus giving rise to acapnia and underfilling of the heart. 



Fig. 23. — Diagram showing the condition of the heart with v&rying de- 
grees of tonicity but with systolic output (amount of blood forced out per beat) 
normal. The volume at the end of diastole constitutes the index of tonicity 
which Ht the end of systole indicates the amount of residual hlood. 

The production of a simple irregularity by means of induction shocks 

brings on dilatation of the heart. 

This question is at present in its infancy, but no doubt before long it 
will gain a very wide clinical importance. 

We now come to consider what light a study of the volume curve can 
throw upon the work of the heart and upon the action of drugs. In order 
to do so, however, we must digress for a moment to consider the property 
known as the tonus of the heart muscle. The tonus or tonicity of cardiac 
muscle is its tendency to resist overstretching during diastole, or in other 
zvords, its diastolic rigidity. It is this tendency which keeps the heart 
from distending, and which antagonizes the effect of the venous pres- 
sure; and it is thus by virtue of the tonicity that the period of active 
filling of the ventricles ends and diastasis is enabled to set in. 
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When the venous pressure is constant, we may therefore measure the 
tonus quantitatively by determining the volume of the heart at the end 
of diastole. As you see upon the diagram, we may have a heart with a 
normal systolic output and a normal amount of residual blood remaining 
in the ventricle at the end of systole. This, I may add, is quite a con- 
siderable amount and varies greatly in different hearts and under different 
conditions. Now, we may also have a heart with a low tonicity which 
fills to a much greater degree than the normal heart. If this forces out 
the same amount of blood at each beat, you can readily see that a larger 




Pig. 24. — Effect of clamping the thoracic aorta upon tlie volume ot the 
vantrlcles and upon the blood pressure In a dog with a strong heart whose 
tonicity ia high. The volume ot the heart after a momeutary dilatation, gradually 
becomes smaller than before the clamping of the aorta. Tbe relative size of the 
heart at each stage shown diagrammatical ir In the sketches above. These are 
drawn as in Fig. 2. and hence represent slight exaggerations of the actual ap- 
pearance of the heart in these stages. 

amount of residual blood will remain in at the end of systole, sometimes 
several times the amount put out at each beat. Such a heart with low 
tonicity may bail out this excess of residua! blood by a larger output per 
beat; but if the tonus, the heart rate and the venous pressure remain 
unchanged, it will fill again to the same extent at each diastole. On the 
other hand, if the tonus is increased above the normal, less blood enters in 
diastole and with the same systolic output the heart bails out the residual 
blood until it contains much less than normal. 
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You see also from the curves that a heart with high tonicity fills more 
slowly than normal, while one with low tonicity fills more rapidly. In 
their effects a high tonicity and a low venous pressure are equivalent, and 
so are a low tonicity and a high venous pressure. 

After this digression we shall now return to consider how these 
facts enable us to study overstrain of the heart. The effect of increased 
strain upon the heart may be studied by clamping the thoracic aorta. The 
effect which one then obtains depends upon the condition of the heart. 
If the heart is strong and the tonus of its walls is good, we obtain the 
effect shown by the tracing. The heart dilates for a moment under the 
strain, but soon the extra load begins to act as a stimulus to the ventricles, 
and they begin to pump out more blood at each systole. In a very short 



Fig. 25.— Tbe same experiment pertormed upon a weak heart with low 
tonicity. The heart remains dilated throughout the strain. The blood-preaaure 
at first rises, then fatls. 

time, as you see, the ventricles bail themselves out to the original volume, 
the systolic output and the tonus increase. Owing to these factors, how- 
ever, the diminution in size of the ventricles continues. The residual 
blood is bailed out of the ventricles and does not re-accumulate, and, in 
spite of the continued strain, the ventricle becomes much smaller than it 
was before the strain was placed upon it. Indeed, in this particular 
heart the diminution in size continued to a much greater degree than is 
shown in this part of the tracing, until the lever actually kicked over the 
top of the smoked paper ! 

This experiment shows us two things: 1. This good strong heart 
which was capable of responding to strain, and which was of normal 
appearance at the beginning of the experiment, nevertheless, contained 
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residual blood which amounted to more than twice the output at each 
beat, 2. A mild strain upon a strong heart stimulates it, increases its 
tonus, and causes its volume to decrease Just as a proper load serves to 
strengthen the contraction of a skeletal muscle. If the heart is just a 
little too weak, however, the same strain has a different effect The next 
curve is taken from an animal with a weaker heart, and you will notice that 
here the strain diminishes the cardiac output and the tonus, and the heart 
remains dilated after the strain. This strain was distinctly harmful to 
this weaker heart, while in the case of the stronger heart the same strain 
was beneficial 

Fig. 26 shows the effect of a bicycle ride, from Leipzig to Stras- 
burg, upon the heart of a trained rider. 

Here we have illustrated the principles which are involved in all our 
gymnastic and hydrotherapeutic treatment in heart disease. A strain 
which is light stimulates the heart at once to stronger contractions and 



BEFORE. JUST AFTER. FOUR WEEKS LATER. 

Fig. 26. — Semischematic reiireaentation of the ortbodlagrapbic outline of the 
heart of a trained bicycle rider before, Just after, and four weeks after a bicycle 
race from Leipzig to Frankfurt. (After Moritz and Dietlen.) 

to improved tonicity ; a strain which is too great, though perhaps only a 
little too great, weakens and dilates it. The border-line is easily crossed. 
It is this, too, that renders the exercise treatment and the bath treatment 
of heart disease a dangerous weapon. The exercise treatment depends 
upon the assumption that a more or less mild exercise will stimulate the 
heart to increase output and that it will improve the tonus of the heart 
muscle, just as we see clamping the aorta does it in the dog with the 
strong heart. Now this is the case if the heart is strong enough to 
stand any added strain. If it is not, the heart dilates just as we have 
seen in the other dog, and the dilatation may even go on to the point 
of complete heart failure and death. Most of us probably know of patients 
that were barely able to keep alive who have taken the Nauheim treat- 
ment and have died under it. The hearts of these patients were too 
weak and their tonus too low to respond to further strain, so that in them 
the exercise treatment had the exact opposite physiological effect from 
that for which it is indicated ; whereas, the same treatment or any gentle, 
but less formal exercise might be quite beneficial to a stronger heart 
with more reserve force. 
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The CO2 bath treatment gives rise almost to the same form of strain 
upon the heart as is produced by exercise. It stimulates the skin and 
causes the blood-vessels to relax, and also brings about an increase in 
the output of the heart at each beat. The blood-pressure may or may 
not be affected ; it sometimes falls, but it often rises. Anyone, who has 
himself taken a Nauheim bath, realizes that it is almost as fatiguing as 
a mile walk, and should accordingly be used with great discretion. 

Apparently that is the trouble with the Nauheim treatment as given 
at Nauheim and elsewhere. The physicians have become so hypno- 
tized by the one idea or by the income which it has brought them, that 
they put all patients into one group, and thus violate all the physiological 
principles upon which their treatment is based. 

Our experiment also throws some light upon another matter of clinical 
importance — namely, the so-called functional tests of cardiac efficiency. 
[The most popular of these is Graeupner*'s exercise test, in which it is 
found that the blood-pressure of strong hearts rises during exercise, 
while the blood-pressure of weak hearts falls. You will notice, however, 
in the curves (Figs. 24 and 25), that when strain is placed upon the 
heart — the strong heart as well as the weak heart — ^there is a rise of 
blood-pressure which lasts for a while in both, in spite of the fact that 
the hearts are dilating. In this particular weak heart the blood-pressure 
falls after a while. (In many cases, however, the period during which 
the blood-pressure remains high in spite of dilatation is much more 
prolonged, so that from changes in blood-pressure alone one could not 
distinguish between the stronger and the weaker heart. \ The patient 
with a moderately weak, but not absolutely failing heart usually responds 
with a much greater rise of blood-pressure than does the normal indi- 
vidual. On the other hand, the athlete responds to mild exercise with a 
fall of pressure. (The change of blood-pressure, therefore, gives no true 
index of the dilatation of the heart, nor of the degree of cardiac tonicity, 
and therefore, the mere blood-pressure and pulse-rate changes furnish 
evidence which is insufficient for the estimation of cardiac efficiency .j The 
symptoms and sensations of the patient, his manner of breathing, liTs 
--.:)1 chUnge of color, his general appearance, the degree of fatigue and many 
other signs, furnish a much more delicate test than the numerical changes 
in pulse rate or blood-pressure. 

It is evidently of great importance to know the exact action of drug's 
upon the tonus of the heart muscle. The classical studies upon heart 
stimulants had taken into account only the action upon the blood-pres- 
sure, and with the exception of a few studies upon the frog's heart the 
changes in tonus had not been studied. For example, all the phar- 
macologists had stated that strychnine acts upon the vasomotor centre, 
but has no action upon the heart itself. Clinicians have, from time im- 
memorial, been giving strychnine in order to increase the tonicity of 



HIRSCHFELDER : STUDIES OF HEART 43 

dilated hearts. Accordingly in 1907, I suggested to Dr. Cameron," who 
was working upon his doctor's thesis for the University of Edinburgh 
in the Physiological Division of the Johns Hopkins Medical Laboratories, 



Fig. 27.— Ettect of Intravenous injection of sttychuine upon the volume of 
the dog's ventricles. (Klndnees of Dr. P. D. Cameron.) A. Before Injection; 
B, after injection. 

T+, tonicity increased. The sketches above indicate the size of the heart. 

to test the effect of strychnine upon the volume of the dog's heart, 
especially using doses which were comparable to doses used by clinicians. 
Dr. Cameron found in a large series of experiments that strychnine, as 



44 HIRSCHFELDER : STUDIES OF HEART 

you see in the tracing, caused a diminution in the size of the heart, 
whether the output per beat were increased or not, and whether or not 
there was any appreciable change in maximal blood-pressure. In other 
words, strychnine does increase the tonus of the heart muscle; and it 
may be regarded a^ a direct heart stimulant and useful for dilated hearts. 
On the other hand, if Henderson is correct in his view that in shock the 
tonus of the heart is already too great, strychnine would be directly con- 
traindicated in this condition, and indeed in all conditions associated with 
an underfilled heart. It is a little too early to take this view dogmatic- 
ally ; but we must remember that even Crile and Gushing regard strych- 
nine as harmful in cases of severe shock in which they assume that the 
__vasomotor centre is fatigued. 



Fig. 28. — Diagram ehowing tbe etCect of Injection of digitalis upon the 
volume of the ventrlcleB. (Kindness of Dr. P. D. Cameron.) 
Digitalis injected at the point indicated by tbe arrow. +, tonicity increased. 

The same action upon cardiac tonicity, which we have just shown for 
strychnine, is possessed also by digitalis and strophanthus to a much 
higher degree. All these drugs act by stimulating certain nerve fibres 
which run to the heart through the vagus, and which have a separate 
action in controlling tonicity. Hoffmann,*' has found that in the frog 
these nerves exist as separate trunks, the so-called septal nerves which 
run from Remak's ganglion along the septum to Bidder's ganglion at 
the auricu love utricular ring. They thus reach the ventricle and stimulate 
it directly, cause an increase in its tonicity and strength of contraction. 
Dr. Cameron found that if the vagi are paralyzed with atropine, strychnine, 
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digitalis, and strophanthus, even calcium and potassium no longer 
cause any change in tonicity whatever. /"The combination of digitalis and 
atropine, which has been recommended by some clinicians, is therefore 
contraindicated. 
' Another condition in which a study of the volume curve has been of 
practical importance for treatment is aortic insufficiency. Ever since 
Corrigan ™ in his classic paper in 1837 put the ban on the use of digitalis 
in aortic insufficiency for fear of promoting regurgitation by prolonging 
diastole, this drug has been viewed with suspicion and recommended with 
caution. In 1905, I suggested to Stewart'" to study the pulse form and 
heart volume in experimental aortic insufficiency by means of the Hen- 
derson cardiometer ; and much to our surprise we found that the import- 
ant factors in determining the amount of regurgitation were not the rate 



Fig. 29. — A diagram showing tlie course of the nerves In the frog'a h«art 
The nerrea over the sinus and auricle Influence the rate, the nerves In the 
septum Influence the tonicity and force ot the ventricles. 

R, Remak's si no-auricular ganglia. 

B, Bidder's auriculoventricular ganglia. 

A-T, auriculoventricular muscle. 

of the heart, but the tonus of the heart muscle and the peripheral resist- 
ance of the arteries. We had expected that when the heart was slow it 
would dilate continuously throughout diastole, just as Corrigan supposed ; 
but the tracings, as you see, show that when the heart is strong and the 
tonus high the filling becomes ccxnplete, even more rapidly than does 
the normal, and then no matter how long diastole continues no more 
blood enters. Indeed, if the tonus is high the regurgitant blood actually 
acts as a stimulus to the heart muscle, the tonus increases and the residual 
blood diminishes, so that the heart, after the production of the leak, is 
actually smaller than under normal conditions. However, if the tonus 
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is low or if the resistance is high, the heart does continue to fill through- 
out diastole and becomes dilated. Increasing the peripheral resistance, 
we found did under all circumstances increase the amount of regurgita- 
tion. 

The question as to the usefulness or harmfulness of digitalis depends 
upon whether its action on the tonus of the muscle outweighs its tendency 
to constrict the blood-vessels, or whether the harm done by constriction 
of the vessels outweighs the advantage gained by increased tonicity. My 
own clinical experience leads me to believe that the advantage outweighs 
the disadvantage, and this view has been strengthened by a brilliant 
series of experiments by CloettaJ* Cloetta showed that treating normal 
rabbits with digitalis for several months had no effect upon their hearts 
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Fig. 30. — Effect of aortic insufficiency upon the volume of the ventricles 
(modified from Stewart, Arch. Int. Med., 1908, I.). 

A. Effect of producing an aortic insufficiency upon the heart of a very strong 
dog. Upper curve, blood-pressure, lower curve, volume curve of the ventricles. 
One of the aortic cusps was punctured at the point indicated by the arrow. The 
diastolic blood-pressure fell at once, the systolic remained unaltered. There 
was a momentary dilatation of the ventricles followed by a gradual diminution in 
size, as indicated by the sketches. 

B. Volume curve of a normal heart under vagus stimulation, showing pro- 
longed diastasis. 

C. Volume curve from the same heart after the production of aortic insuffi- 
ciency, showing the same result from vagus stimulation. The filling of the 
ventricle ceases as early as in the normal condition. The heart is very slightly 
more dilated than before the production of the lesion. 



or vessels. He also produced aortic insufficiency in a large series of 
rabbits, treated one group and left the other group as controls. He 
found that the hearts of the treated rabbits were much more dilated and 
almost twice as much hypertrophied as the controls, and that the aortas 
of the controls were much more dilated than those of the treated rab- 
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bits. Moreover, the hearts of the treated rabbits were capable of much 
greater strain than were the controls. The digitalis had done good.* 

However, in human aortic insufficiency, especially the arteriosclerotic 
type, we are confronted with an abnormally high peripheral resistance. 
It is advisable to lower this resistance as much as possible so that if one 
gives digitalis it is advisable to give the nitrites as well, especially sodium 
nitrite or small doses of erythrol tetranitrate. 

The best substances of the digitalis series for acute failure are un- 
questionably strophanthin or ouabain, since they can be obtained in crys- 
taline form and do not cause vaso-constriction. But we must never for- 
get that strophanthus preparations must not be administered by mouth. 
Hatcher and Bailey,''^^ have shown that their absorption by the digestive 
tract is uncertain. When given by mouth one may fail to get any effect, or 
may suddenly get a toxic effect. Subcutaneous administration leads to 
pain and often abscess. Intravenous administration of a sterile solution 
is very satisfactory, especially in an emergency, but if a little gets out- 
side of the vein it is painful. The best by far, in spite of some pain 
occassionally, is to give the drug deep into the muscle and massage for 
some time. .^^ 

Dr. Cameron has found also that amyl nitrite and nitroglycerine have 
a direct action upon the heart and increase the tonus of the muscle and 
the systolic output. The latter effect has been found in man by Hewlett,''^ 
and by myself, so that both these drugs are of use in acute heart failure 
of aortic insufficiency. Indeed, in my experience they do more to relieve 
cardiac asthma of aortic insufficiency than any other drug. I may add 
that the same action on tonicity, that is in relieving dilatation, may account 
for the relief which they give in attacks of angina pectoris, particularly 
since Bond'^* in my laboratory has found that under ordinary circum- 
stances they decrease rather than increase the flow through the coronary 
vessels. ^ 
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ON CHRONIC ENDOCARDITIS REGARDED AS A FIBROSIS 
OF THE VALVES OF NON-INFECTIVE ORIGIN. 



By J. G^RGE Adami, M. D., F. ll. S., of Montreal. 



In these days when bacteriology is dominant, if not indeed rampant, 
it is difficult to rid ourselves of the idea that fundamentally underlying 
one or other morbid condition of the tissues there is some primary 
microbic factor. Or perhaps, more accurately, our first inclination is to 
search after and seize upon evidences of present or past microbic activity, 
and, if we can find indications which with greater or less plausibility can 
be regarded as suggesting the outcome of microbic growth within the 
tissues, then we are satisfied to believe that we have grasped the etiology 
of the condition. If, on the other hand, we find ourselves compelled to 
fall back upon physical or metabolic factors as causes of tissue change, 
we do this with a certain distrust or discontent. For example, we have 
nowadays to accept such conditions as myxedema, acromegaly, Addi- 
son's disease, obesity, gout and acidosis as the resultants of disorders 
of the internal secretions or more broadly of cellular metabolism. But 
doing this, confessedly, it is difficult to form a mental picture of the 
succession of changes in the cells and tissues that lead to the anatomical 
manifestations of these .different states. On the other hand, we have 
been drilled so thoroughly into an appreciation of the various stages 
which may result from an infective inflammation, and those stages, it may 
be added, are so many and so varied, that it is easy for us to imagine 
almost any morbid process as a resultant of some form of infection. Thus 
.in the matter of valvular disorders — of endocarditis — I think I make a 
correct statement in saying that our tendency is to regard the valve 
changes as outcomes, whether recent or late, of some infective process, 
and, whether voluntarily or involuntarily, we find ourselves sceptical as 
to explanations of any other order. 

Nevertheless, are we justified in considering chronic endocarditis as 
essentially of microbic origin? For myself, I must acknowledge that 
very early in my career a series of experiments by my old chief, the late 
Professor Roy, of Cambridge, published in our joint names, gave me 
food for thought. Among pathologists there has been no more brilliant 
mechanical genius than was Roy. His ability to devise instruments fitted 
to give records of one or other order was extraordinary. He devised 
and I noted. And incidentally in the course of our studies upon the 
eflfects of increased arterial pressure upon the volume and work of the 
dog's heart we found, that increased aortic pressure, produced by narrow- 
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ing the aorta was repeatedly followed by very definite changes in the 
aortic valves. These, we found, were not mere inert mechanical mem- 
branes, but reacted to their environment. The aortic cusps, it may be re- 
called, are normally devoid of vessels save near their bases. Their nourish- 
ment therefore is by means of blood plasma absorbed through or between 
the lining endothelial cells, or both, from the cardio-aortic blood. After 
extreme high pressure in the first part of the aorta we found that the 
cusps presented a series or chaplet of fine glistening bead-like elevations 
just below the line of their apposition. Evidently during diastole the 
high pressure acting upon their aortic aspect coupled with the low pres- 
sure on their ventricular aspect, and it may also be with expansion of 
the endothelial cells and increase in the intercellular spaces due to stretch- 
ing of the cusps under the increased pressure; all these had led an 
increased percolation of "lymph" into the valve substance with a collection 
of the same along the line of greatest strain or weakness of the cusps. 
And Roy and I then called attention to the possibility that the thickening 
of the aortic valves in cases characterized by high blood-pressure might 
be a later outcome of this same process. 

Now chronic endocarditis in elderly people is characteristically 
associated with the presence of nodose arteriosclerosis, and the two pro- 
cesses are, I would point out, of identical type. Both conditions involve 
intimal structures, (for the heart valves are but infoldings of the cardiac 
intima), and, histologically, they are of the same order, with overgrowth 
of the subendothelial connective tissue, the most recent layers being near- 
est the surface, the deeper layers exhibiting a series of degenerative 
changes which culminate in the development of calcareous plaques. I 
freely admit that in one order of arteriosclerotic changes a proliferation 
and swelling of the cells of the musculo-elastic layer immediately to the 
inner side of the internal elastic lamina is a prominent feature. In the 
cases that I here refer to these changes while they may be present are not 
dominant. What is especially significant is this laying down in an orderly 
manner of layer after layer of connective tissue parallel to the surface, 
whether of aorta or of aortic cusp. There are here none of the cardinal 
signs of inflammation or its after results ; no accumulation of leucocytes or 
plasma cells, no entry and no formation of new vessels, such as we see, for 
instance, after the chronic inflammation of other non-vascular regions, as 
the cornea. As my old colleague. Professor Klotz, has demonstrated 
(although he does not see eye to eye with me in the explanation of these 
changes) a similar uniform connective-tissue hypertrophy with accompany- 
ing overgrowth of the musculo-elastic layei can be produced in the rabbit 
by purely mechanical means, namely, by periodical raising of the 
blood-pressure for a few minutes every day extending over several 
months. In the absence, therefore, of adequate evidence of in- 
fective origin in these cases, in the absence of signs of ordinary inflam- 
mation and from the histological features of the new tissue, it is neces- 
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sary to look for some other, non-microbic, causative agent in the pro- 
duction of these two conditions, and I cannot but conclude that in both 
we deal with stress or perhaps, more accurately, strain upon the affected 
part, coupled with adequate, or indeed increased nutrition; I say strain 
rather than stress, regarding the latter as the normal condition to which 
the vessels are normally and periodically subjected.* Strain I regard as 
a more abnormal pathological condition leading to one order of condi- 
tions of the nature of increased reaction, and overstrain as a still more 
aggravated condition having, however, results of a different nature — 
namely, to absence of reaction. What seems to me characteristic of 
all the conditions, here referred to, of valves and arteries is that either we 
have clinical indications that the tissues are already weakened, so that 
what under normal conditions wpuld be a stress, now becomes a strain 
(where it does not become an overstrain), or, on the other hand, that the 
tissues in the intima are in their normal state, but are subjected to in- 
creased blood-pressure, to an actual rather than a relative strain. 

There is, it may be laid down, a normal environment for the cells of 
every tissue under which those cells attain unto a certain limit of growth 
and do not exceed this limit so long as environment remains unchanged, 
but, at the same time, it has to be recognized that even such inert tissues 
as bone show us clearly an increased growth under conditions of mod- 
erate increase of the work they are called upon to perform. For ex- 
ample, increased muscular exercise demonstrably leads to increased weight 
and size of the skeletal bones, and development of their bony ridges 
where these muscles are inserted. And so with the intima of the aortic 
cusp: subject this to a moderate strain and it undergoes thickening. The 
prettiest example of this that I have come across has been in three cases 
of functional incompetence of the aortic valve, through widening of the 
aortic ring. All three of these cases were relatively early; under the 
hydrostatic test each exhibited a roughly-triangular orifice where the three 
corpora Arantii did not meet, and it was very striking to notice that 
just at this region the edge of each cusp had undergone thickening and 
rounding, with distinct fibrosis. The cause here was purely mechanical ; 
just those portions of the cusp that did not come into apposition were 
subjected to the greatest strain, and, as a consequence, the cells had 
proliferated and produced increased fibrous tissue. 

But it may be objected that in the case of the mitral valve, for ex- 
ample, in the typical endocarditis of the young individual, due to rheu- 
matism, we have evidence of the same fibroid thickening of the valve 
which is of undoubted microbic origin, since everyone nowadays either 
believes, or is prepared to believe, in the infective nature of acute rheu- 
matism. 



♦In. those conceptions of what is usually understood by stress and strain re- 
spectively, I recall, while revising my proof, that I am at variance with that 
master of English, Sir T. Clifford Allbutt. My only consolation is that he. at 
an earlier period, made a similar misuse of terms and, in fact, has helped 
to crystallize it in medical literature. 
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It is quite true that these cases so far as we can follow them, (where 
death occurs in the acute condition), begin with indications of a true 
inflammation, with destruction of the endothelium, formation of vege- 
tations, as also vascularization of the valve. The early stages here are 
identical to all intents and purposes with those following upon an acute 
microbic ulceration of the cornea. 

Now I wholly admit this infective origin of these mitral cases and, 
indeed, also of a certain proportion of cases of aortic endocarditis. I 
would only urge, however, that the progressive thickening and contraction 
of the mitral valve is an interval occurrence, and is not directly due td 
the microbic irritation, I am inclined to believe, that whether 
by the deformity of the valve produced in the region of actual ulceration, 
or merely through the focal growth of the micro-organisms, the valve 
becomes weakened and no longer functions so perfectly as before; and, 
as a consequence, is subjected to a relative strain. In a certain proportion 
also of these cases there are indications of increased blood-pressure and 
actual, rather than relative, strain upon the cusps. Thus it is this 
secondary strain that is responsible for the diffuse and generalized mitral 
thickening seen in these cases, rather than the primary irritant — the cause 
of acute rheumatism. 

We have here another example to add to the abundant instances of 
the existence of '*Vicious Circles" recently accumulated by Dr. J. B. 
Hurry.* Whether from extrinsic or intrinsic causes, the cusps become 
subjected to strain, and reacting, there is tissue growth with thickening 
and fibrosis. This very thickening makes them function less perfectly, 
and as a result they are subjected to more strain. More strain leads to 
further fibrosis — and so progressively there are developed those condi- 
tions of extreme diffuse thickening, contraction, deformity and degenera- 
tion of the heart-valves, with which we are so familiar. Here, indeed, 
Ossa is piled on Pelion, for the incompetency of the fibrosed valves leads 
to hypertrophy of the ventricular muscle in order that the circulation may 
be preserved. This hypertrophy results in more powerful contraction, 
with resultant heightened intracardiac pressure. The forces thus acting 
upon the damaged valves and inducing strain are not constant, but 
exhibit progressive augmentation. There is no "let up" to the process 
until the strain on the heart walls gives place to overstrain and cardiac 
failure is the result. 



•Vicious Circles in Disease. J. and A. Churchill, London, 1911. 
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DISPLACEMENTS OF THE HEART AND DIAPHRAGM TO- 
GETHER WITH DISTURBANCES IN THE FUNCTION OF 
THE LATTER AS CAUSES OF SYMPTOMS 
IN PULMONARY TUBERCULOSIS. 



By Francis M. Pottenger, A. M.. M. D.. L. L. D.. of Monrovia, Cal. 
Medical Director Pottenger Sanatorium for Diseases of the Lungs and Throat. 



Much has been written regarding the various organic heart lesions in 
their relation to tuberculosis; the subject of the relatively small heart 
has been thoroughly discussed; the question of toxic degeneration of 
the heart-muscle has received some consideration; but there are certain 
other conditions referable to the circulatory system in tuberculosis, which, 
though usually present, have received scant attention heretofore. I refer 
to the various displacements of the heart and the displacements and 
altered function of the diaphragm. 

It is somewhat surprising that these conditions have not received more 
attention from clinicians when we consider the fact that they are present 
and produce symptoms in nearly all patients who are suffering from 
tuberculosis. There are displacements of the heart in some form and 
to some degree in all cases where either a lessening or increase in the 
volume of the lungs occurs. The function of the diaphragm is inter- 
fered with from the very beginning of tuberculosis. It is displaced 
either upwards or downwards in nearly all patients who go on to an 
advanced stage of the disease, the dislocation depending upon the inter- 
relationship between the intra-abdominal and intrathoracic pressures. 

The symptoms which result from these conditions can only be under- 
stood in connection with the physiology of the heart and diaphragm. The 
heart is normally placed in the thoracic cavity in a position which enables 
it to perform its function with ease. The circulation of the blood is 
aided by every normal respiration. Any condition which changes the 
position of the heart, putting it in a position less favorable to action, and 
any condition which interferes with full and free respiratory movements, 
therefore interferes with the circulation of the blood. The diaphragm 
is considered the chief muscle of respiration. It is also an important 
aid to circulation. It is aided in its action by the abdominal muscles. 

The normal contraction of the diaphragm acts by forcing the abdominal 
viscera downwards and forwards, increasing the anteroposterior and lat- 
eral diameters of the abdomen and lower thoracic cavity, and at the same 
time increasing the thoracic space and decreasing the abdominal space 
from above downwards, thus reducing the abdominal space and increas- 
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ing the thoracic space as a whole. It can be seen that the abdominal 
muscles must play an important part in this action. Their tension is 
increased by the contraction of the diaphragm, and we assume that their 
recoil is a part in the expiratory act ; in fact, it seems probable that this 
recoil is not wholly passive. 

This increased space in the thoracic cavity allows an inrush of air 
into the lungs and at the same time dilates the heart and favors the 
return flow of blood from the large veins into the right auricle. This 
pump-like action upon the large veins is the greater the freer the re- 
spiratory action. Not only is there an increased suction action favoring 
the return flow through the venae cavae, but, in the abdomen, there is a 
positive force exerted by the contracting diaphragm pressing upon the 
abdominal viscera and squeezing the blood out of them and forcing it 
into the larger veins and favoring its flow on to the heart. The natural 
result of the conditions which I am considering, then, is to make the 
work of the heart more difficult and to cause an accummulation of blood 
in the abdominal viscera. We will discuss the more definite results as 
we proceed. 

The heart and the diaphragm are so closely associated that we can 
hardly conceive of a displacement of one without the displacement of the 
other, except within certain narrow limitations afforded by a pericardium 
sufficiently large to permit the heart to move from side to side, as the 
body assumes different positions. 

The symptoms and end results produced by the displacements of the 
heart and the disturbances in the function of the diaphragm are different. 
The ultimate effect of the displacement of the heart per se is more 
serious than that of displacement of the diaphragm, although a displace- 
ment of the diaphragm probably produces the greater number of symp- 
toms, most of which are of a cardioneurotic nature. 

The displacement of the heart also causes many cardioneurotic symp- 
toms, but what is more serious, it leads to organic changes. 

The effect resulting from destruction of tissue and contraction of the 
upper lobe of the left lung is to draw the heart upwards and to the left. 
Not only is the heart thrown out of its normal position and forced to 
work at a disadvantage because of this, but the probabilities are that the 
outlines of the pericardium are changed so that the pericardial space is 
somewhat reduced. The altered position causes the heart to drag on 
the large vessels, produces a decrease in the curve of the arch of the 
aorta, thus bringing about a condition which interferes with the free 
flow of blood into the systemic arteries. The same dragging effect is 
exerted on the other vessels, pulling the pulmonary artery and large 
veins out of their normal course and interfering with the outflow of blood 
from the right ventricle and the return flow of blood to the right heart. 

If the destruction of tissue and contraction occurs in the upper lobe 
of the right lung, the heart is drawn upward and to the right. The curve 
in the arch of the aorta is increased and pouching is favored. The heart 
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is again thrown out of its normal position and the venae cavae and other 
intrathoracic vessels are drawn from their regular course; and, again, 
obstacles to filling and emptying the heart are encountered. 

If the heart hangs low in the chest it increases the distance from the 
apex to the large vessels, and thus the heart drags upon them, producing 
disturbances in its function. 

If the heart is displaced directly upwards, the result is a shortening 
of the distance between the apex and the large vessels which tend to 
produce a pouching of the aorta. This is apt to occur when both apices 
are the seat of destructive change followed by contraction ; this, however, 
rarely occurs. 

In order to overcome the extra pressure in the circulation in the 
pulmonary system, the right heart has already hypertrophied and now 
the left ventricle is compelled to hypertrophy in order to overcome the 
extra burden thrown upon it by the heart's displacement and the changes 
in the aorta and general arterial system. In this connection I would 
like to call attention to the changes which occur throughout the arterial 
system as a result of the toxines in tuberculosis. In a former paper^ I 
reported the results of examination of one hundred and sixty-two tuber- 
culous patients. Of these, the arteries were palpable in ninety-four 
instances. Of ninety-three of these who gave a history of illness lasting 
more than two years, the radials were palpable in sixty instances. From 
my study I drew the conclusion that a thickening of the arteries takes 
place in chronic tuberculosis as a result of the prolonged action of the 
toxines. Since writing this paper I have made further observations which 
fully substantiate the results there reported. A short time ago a young 
girl came under my care who had been suffering from pulmonary tuber- 
culosis for two years. The disease had not taken a very active form, 
although percussion dulness and physical signs extended to the third rib 
on the right. Although she was only eleven years old, her radials were 
distinctly palpable. When we consider the changes which I have men- 
tioned in the aorta, the thickening of the peripheral arteries, the displace- 
ments of the heart which cause it to work at a disadvantage, and the 
fact that the heart-muscle early undergoes pathological change, we can 
see that the end result must of necessity be degeneration. 

The cause of death in nearly all tuberculous patients is of cardiac 
origin. It can be seen that these dislocations interfere with the easy 
working of the heart and throw extra burdens upon it, all of which have 
a tendency to cripple its working ability and cause degeneration. 

The immediate symptoms produced by displacements of the heart are 
those of cardiac embarrassment. I have had the opportunity of studying 
several hearts where the displacement occurred quickly, owing to the 
rapid destruction of tissue in the neighborhood of its borders. In one 
case the heart moved more than one inch to the right within a few days' 
time, owing to the formation of a large cavity in the right lung near 
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the heart border. In all cases which I have watched, the symptoms were 
those of extreme weakness, shortness of breath, rapid heart action and 
tendency to syncope, loss of appetite and nausea, especially if the patient 
changed his position. Where the heart moves more slowly the s)miptoms, 
of course, are not so marked. The main ones of which the patient com- 
plains are those of rapid heart action and shortness of breath upon 
exertion. 

The symptoms produced by high and low position of the diaphragm 
have been carefully described by Wenckebach.^ Arterial anemia and 
venous congestion, especially in the splanchnic area, are quite pronounced. 
These patients appear pale, although if the blood is examined there is 
little or no anemia present. This is one of the particular characteristics 
of the tuberculous patient, and I do not doubt that these anemic appear- 
ances, in many instances, are due to this arterial anemia produced by 
the altered function of the diaphragm. The pulse is small and usually 
rapid, the patients suffer from shortness of breath and a general lack of 
nutrition. They often suffer from palpitation and feel faint. Their 
extremities are often cold. This disturbed function of the diaphragm 
is unquestionably another factor in the low blood-pressure of the tuber- 
culous patient. Disturbance of function, on the part of the abdominal 
viscera, such as altered gastric secretion, constipation, diarrhea, colitis 
and flatulence are very common. One thing which I have noted regard- 
ing these abdominal conditions is that they not only seem to be much 
more frequent in the class of patients which I am now describing than 
in healthy individuals, but they also seem to be more serious and more 
difficult to relieve. I consider this due partly to the chronic venous 
congestion resulting from the altered position of the diaphragm. 

Another feature which is present in most cases is an unstable condition 
on the part of the nervous system. While there is always some neuras- 
thenia present in patients suffering from tuberculosis because of the 
toxines liberated by the tubercle bacilli, yet in these cases of severe dis- 
turbance, on the part of the diaphragm, there is a neurasthenia which 
is more pronounced and more difficult to relieve than that found in the 
tuberculous patient where these conditions are absent or present to a 
lesser degree. 

The hypotension found in those suffering from pulmonary tuberculosis 
is probably a result of several factors. The fact that it has been noted to 
a slight extent in early cases has been used as an argument in favor of 
the toxine theory of its origin. It must be recalled, however, that the 
interferences in the function of the diaphragm also appear early in tuber- 
culosis and favor hypotension by interfering with the return flow of blood 
to the heart, thereby producing a venous congestion and a relative arterial 
anemia. In some instances, this action is scarcely felt in the early stage 
of the disease. In others it is more pronounced. As the disease advances, 
however, the disturbance in the function of the diaphragm becomes 
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greater, and changes in the position of the heart, as well as in the muscle 
itself, take place, all of which favor hypotension. While the toxines are 
probably the greater factor in the production of hypotension in incipient 
tuberculosis, in the advanced stages of the disease they must take a 
place secondary to the mechanical causes which manifest themselves on 
the part of the circulatory system. The pulse in advanced tuberculosis, 
where the heart is fully competent, is not far from normal in its rate as 
long as the patient remains at rest, or even under light exercise ; but, if 
more strenuous exercise is engaged in, then the heart shows signs of being 
overworked. The pulse increases to a greater rate than would be normal 
for the amount of work done, and fails to return to the normal limits 
within a time which would be considered normal for a healthy heart. 

There is also another large class of tuberculous patients whose hearts 
are fully competent so long as they remain at rest; but, who, as soon 
as they undertake exercise, suffer from heart embarrassment, the pulse 
becoming rapid, dyspnea appearing, the patient feeling weak, and some- 
times, in severe cases, dizzy and faint. As long as the patient is at 
rest the functions of the body are carried on economically, the minimum 
amount of oxygen is required to produce satisfactory aeration of the 
blood ; but, when exertion is attempted, a greater amount of oxygenated 
blood is called for than the heart can supply. The heart can no longer 
measure 'Up to the increased work that is thrown upon it. It has been 
estimated that the flow of blood is four or five times as rapid in active 
muscle as in resting muscle ; that rising to a position ready for walking 
from the resting position doubles the amount of oxygen. required by the 
tissues; and that starting to walk quadruples it. The heart, in its 
weakened condition, working under the disadvantage of displacement, 
•together with the changes in the arteries and the relatively large amount 
of blood in the veins, causing a relatively small amount of blood to be 
discharged at each systole, is unable to meet these circulatory require- 
ments. 

It can thus be seen that, if the functions of the body are to be carried 
on normally, the circulatory system must not be seriously interfered with, 
the blood must be forced through the lungs in sufficient volume and 
with sufficient rapidity to provide the oxygen required to carry them on. 
In advanced tuberculosis, however, we have conditions which are espe- 
cially difficult to overcome. Besides the reduction in the capacity of 
the lungs themselves, we have conditions on the part of the heart and 
circulatory system which make it extremely difficult for the circulation 
to be maintained in a manner capable of providing the oxygen which 
is required by any extra amount of exertion; hence the symptoms of 
cardiac embarrassment so frequently found. 

It is necessary now to discuss more clearly the causes of these condi- 
tions. The displacement of the heart and diaphragm is due to loss of 
tissue and the resulting compensations on the part of other tissues. The 
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disturbance in function of the diaphragm, however, is probably of reflex 
origin. 

The lessened motion of the diaphragm on the affected side was pointed 
out by Williams,' as being an early sign of tuberculosis. He determined 
the phenomenon by use of the x-ray. Its explanation has not been 
wholly clear. De la Camp has su^ested that it is due to the phrenic 
nerves being bound down in pleural adhesions at the pulmonary apex. 
Hofbauer and Holzknecht have suggested that it is caused by a decreased 



Fig. 1.— Showing the low poaltlon of the diaphragm, heart and liver. The 
'brolcen line BA marks the xiphoBternal angle, which Is normally In such 
sliaped chests as this, on a line with the lower border of the heart. DC repre- 
sents the lower border ot the heart; DCE. the diaphragm and GH, the lower 
border of the liver. This picture was talien after patient had been treated by 
adhesive straps and had gained about fltteen pounds in weight. Thus the liver 
Is higher than mentioned in the text. 

elasticity in that portion of the lung which is involved and by a relaxa- 
ation of the remaining tissue, thus causing a general lessening of the 
contractile power of the lung as a whole. My recent studies convince 
me that the phenomenon is of reflex origin. The phrenic nerve is given 
off from the third and fourth or fourth and fifth cervical roots. This is 
the portion of the cord, which receives the impulses from the lungs through 
the sympathetic nerves ; and the limited motion of the diaphragm is 
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ax:counted for in the same manner as the contraction of the neck and 
chest muscles, as described by Pottenger,* viz., a reflex stimula- 
tion, the impulse traveling from the inflamed lung through the 
sympathetic nerves to the cord, there stimulating the adjacent cells in the 
same segment of the cord, and causing impulses to be sent out through 
the fibres of the motor nerve or nerves arising in the same segment, to 
the muscles, which cause them to assume a state of tonic contraction. 
With this explanation it can be seen that the function of the diaphragm 
is interfered with early in tuberculosis, and that the interference must 
keep up throughout the disease.* 

We recognize other factors in tuberculosis which interfere with the 
normal action of the diaphragm. Among the most common are emphy- 
sema, pleural effusions and adhesions, contraction of the lungs and dis- 
placement of the heart and mediastinum above the diaphragm and loss or 
increase of tissue and flatulence below the diaphragm ; but, while these are 
sometimes present, the effect of the reflex stimulation through the phrenic 
nerves is always present. The diaphragm assumes a high or low posi- 
tion according to whether the pulmonary space decreases or increases. 
When a severe destructive process develops in one or both lobes, as it 
often does in the upper lobes, and this is followed by marked contraction, 
the diaphragm is apt to assume a higher position than normal. Where, 
on the other hand, the disease develops slowly, and through continuous 
coughing extending probably over years, an emphysema develops, we 
find the diaphragm low, and a condition of general visceroptosis present. 

The abnormal positions of the heart and diaphragm can be studied by 
the use of the .r-rays, although the ordinary methods of physical exami- 
nation, when carefully applied, are sufiicient for detecting them. In our 
teachings upon the location of the heart within the thoracic cavity we 
have probably failed to make it clear that there is a natural variation in 
the position of the heart depending upon the shape of the thorax. We 
must not expect the apex, base and lateral borders to occupy the same 
relative positions, with reference to the surface landmarks, in a very 
narrow, long chest, as in a short, wide chest. This is important in study- 
ing the conditions before us. If we accept the rule that a line drawn 
from the articulation of the xiphoid appendix to the tip of the eighth 
thoracic spine should touch the dome of the diaphragm and thus be on 
a level with the under surface of the heart, we will find many exceptions 
to it in the long chests of tuberculous patients, even when examined 
before changes have occurred which cause the heart to assume a lower 
position. Hirschfelder® considers this pathological, and suggests a line 
of treatment for its correction; but I cannot believe that it should be 
considered so. It seems to me normal for that type of chest, and as 
long as the diaphragm is functionating normally and in the natural 

♦These problems have been discussed quite thoroughly elsewhere and will 
soon be published in Brauer's Beitrsege zur Tuberkulose. 
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relationship with the organs lying above and below it, it seems but 
natural to consider the condition as normal. When the heart hangs low, 
the horizontal diameter is decreased because the apex has dropped and 
the transverse diameter represents a section more nearly perpendicular 
to the long axis of the heart than that where the heart is in its normal 
position. The superior dulness of the heart is also lower than normal, 
being often below the third rib. When very low the right ventricle may 
be seen to pulsate in the epigastrium. 

The following is the most extreme case of low diaphragm and general 
visceroptosis that I have detected among my tuberculous patients. Fig- 
ure (1) shows a photograph of the outlines of the organs as made by me. 
Mrs. L., aged fifty-eight. Always a hard worker. Had hemorrhage ten 
years ago and had coughed during the winters ever since. For the past 
two years had never been free from cough. Expectoration contains 
bacilli. Has had more or less stomach trouble for the last ten years. 
About two years ago began having pains in the epigastrium and showed 
signs of loss of endurance and sensations of weakness with rapid pulse 
and some dyspnea on exertion. Physical examination. — Tuberculous in- 
filtration in upper portion of both lungs, remaining portions emphy- 
sematous. Lower margin of lungs reaching inferior margin of throax; 
the eighth rib in mid-clavicular line and twelfth vertebra posteriorly. 
The abdominal organs were all low, the right kidney was in the right 
anterior lumbar region. The liver had fallen away from the under sur- 
' face of the diaphragm and scarcely moved on inspiration. Its lower 
border was one inch below the umbilicus. The lower portion of the 
thorax sank in at each inspiration showing the typus paradoxus. The 
pulsation of the heart was plainly visible in the epigastrium; the apex 
beat was under the seventh rib slightly nearer the sternum than normal; 
the point of maximum intensity for the pulnionary and aortic valves was 
in the third interspace. Pulsus paradoxus was present. Aside from the 
chronic cough and emphysema this patient had very flabby abdominal 
muscles, which also favored this general visceroptosis. This is charac- 
teristic of the type of chronic coughers with emphysema which I have 
described above, although the degree of ptosis is extreme. 

When the heart is displaced upwards, its transverse diameter is in- 
creased. This is especially true when the displacement is toward the 
left. If the apex beat can be found, it is an important aid; but very 
often in advanced tuberculosis it cannot be detected. I would like to 
call attention, especially, to the fact that the point of maximum impulse 
is not always the apex; for often the impulse is due to the enlarged 
right ventricle, the left ventricle having been pushed backwards away 
from the chest wall. As an example of high positions of the diaphragm 
and upward displacement of the heart, I would like to cite the following 
case: — Miss S., aged twenty-two. Ill three years of pulmonary tuber- 
culosis, now in state of arrest. Upper lobe of left lung seat of cavity 
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formation and marked contraction, the lower borders of the lung being 
drawn up to the fifth rib in the mammary line. Right lung shows com- 
pensatory emphysema extending beyond the medium line to the left. The 
diaphragm on the left is high. The heart is drawn to the left, the apex 
Ibeing in the fourth interspace to the left of the nipple line, the right 
border at the right border of the sternum. The base of the heart 
is also pushed upwards and to the left. The patient shows arterial 
anemia, being pale. Has very little endurance, rapid heart, dyspnea on 
exertion, cold extremities, at times feels dizzy and on several occasions 
has almost fainted. 

The important thing to know is that these conditions produce symp- 
toms which are often very annoying. They are often thought to be 
indicative of serious heart lesions. Fortunately, they can be relieved to 
a large degree, if recognized, by the application of suitable abdominal 
binders. Not only are the cardioneurotic symptoms, just mentioned, re- 
lieved by proper abdominal support, but oftentimes intractible symptoms 
on the part of the gastro-intestinal tract, such as indigestion, constipation, 
diarrhea, colitis and flatulence are relieved only after the organs are held 
up by proper binder. When we realize the importance of good heart 
action, a stable nervous system and good digestion in tuberculosis, the 
importance of looking for and correcting these conditions can be ap- 
preciated. 

The symptoms arising from the various displacements of the heart 
are not so readily relieved, for the heart cannot be replaced except in 
those instances where it is displaced downwards. The organ, when once 
displaced, is compelled to continue its work at a disadvantage. In those 
instances, however, where the change is slight, the symptoms are negli- 
gible. Where it is greater the symptoms are more marked ; but the most 
that we, as physicians, can do is to shield the heart as much as possible 
from overstrain. 

Heart and diaphragm displacement and alteration in the function of 
the diaphragm are found to some degree as previously mentioned, in 
practically all patients suffering from tuberculosis. Of course, the dis- 
turbances are greater in the advanced cases. Physicians who are treat- 
ing advanced cases should be on the watch for the symptoms referable 
to these conditions, and should not allow themselves to be deceived into 
thinking them an indication of the more serious heart lesions. A correct 
understanding of them will be of untold value to the patient, and will 
relieve the physician of much unnecessary anxiety. 
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There are several reasons why I have chosen this subject: First, be- 
cause it is one which is of vital interest to medical men. Cardio-vascular 
disease is not only a common condition among patients, but also the 
commonest malady to which medical men fall victims. Again, cardio- 
vascular diseases are being investigated to-day far better than ever before, 
and it behooves us to compare our old knowledge with the new facts. 
Lastly, cardio-vascular lesions result in conditions which govern the 
conduct not only of the physician and the surgeon, but the specialist who 
devotes his skill to such limited parts as the eye, the ear, and the naso- 
pharynx. 

Many of us, when students, have regarded the elementary or funda- 
mental departments of medical science as stepping-stones which had to 
be passed over in order that the coveted ability to practise medicine might 
be obtained, but we look back to-day and wish that we had recognized 
that a full knowledge of these departments would be of infinite use in after- 
years. For example, how prone we have been for years to think of the 
heart as an organ, whose sole connection with the vessels was one of con- 
tiguity or continuity, and to ignore the fact that at a very early period in 
embryonal existence the heart is only a blood-vessel, and that its final struc- 
ture is simply a special overgrowth of the muscular fibres which, on the 
one hand, form a heart and, on the other, a coat of the arteries. A recol- 
lection of this simple matter in embryology impresses the fact upon us 
that a host of causes which affect the vessels must affect the heart, not 
only indirectly but directly, and emphasizes the need of considering 
the whole circulatory apparatus as a unit, except in a few instances in 
which the high specialization of the heart-muscles renders it peculiarly 
susceptible to certain poisons or infections. Such a conception of the 
cardio-vascular apparatus gives us, both in acute and chronic disease, 
a much clearer view than the old one in which the heart received all our 
attention and the vessels were largely ignored. So, too, in physiology, 
how many of us in years past have failed to recognize the importance of 
subsidiary vasomotor centres, dilator and constrictor, in our studies of 
circulatory disorders, functional and organic ; and in pathology and morbid 
anatomy, how prone we have been to consider the vessels in the celiac 
axis, the basilar or coronary systems, as normal because those 
of the forearm showed no sign of atheromatous change ! To-day, we must 
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recognize that disease affecting one part of the circulatory apparatus is 
likely to affect all of it, and yet, on the other hand, remember that marked 
lesions may develop in one part and leave other parts intact. 

Even those, who in the past gave the vessels more attention than 
many of their colleagues, nevertheless placed the heart first and the 
vessels last in importance, but I feel now that the reverse should be our 
attitude and that careful study of the vessels will give us as much in- 
formation as we may get by direct examination of the heart. How many 
cases of so-called cardiac disease depend in reality upon cardiac fatigue 
due to vascular disease? How many cases of supposed dyspepsia and of 
abdominal pain have their origin in disease of the abdominal vessels, 
and how many cerebral symptoms and renal symptoms rest upon a similar 
basis? My experience is that many cases uave such an origin. To-day, w^e 
appreciate that the state of the vessels may completely control our diag^- 
nosis and treatment in acute illness. If, for example, a young man with 
bad vessels and an old man with good vessels are attacked by croupous 
pneumonia the prognosis is, other things being equal, bad in the young 
man and good in the old one. The presence of degenerated vessels 
makes us recognize that the pneumonia is in the nature of a terminal 
infection, a method designed by nature to remove one of the unfit, and 
from the immediate point of view indicates that his heart is probably also 
affected and in addition tired by its effort to pump blood through nar- 
rowed paths. 

In this connection I wish to call attention to a method of diagnosis, 
prognosis and treatment, that has not received the attention it deserves. 

In the Therapeutic Gazette for last June, I made a report as to the 
value of studying blood-pressure in pneumonia for the purpose of de- 
termining the state of the heart-muscle and the need for stimulation or 
cardiac support. G. A. Gibson, of Edinburgh, first called attention to the 
relationship of blood-pressure to heart-force in acute pneumonia in the 
Edinburgh Medical Journal for January, 1908, in the course of an article, 
entitled "Some Lessons from the Study of Arterial Pressure." This im- 
portant observation of Gibson's is buried in a paragraph dealing with 
another matter, and this accounts in all probability for the fact that com- 
parative little attention has been paid to it. To use Gibson's words, "a 
pressure appreciably below normal in pneumonia is invariably of evil 
omen, and any considerable fall bodes disaster. When the arterial pres- 
sure, expressed in millimeters of mercury, does not fall below the pulse- 
rate expressed in beats per minute, the fact may be taken as an excellent 
augury; while the converse is equally true. From the work of the last 
few years in my own wards no fact is more certain that this." To this 
matter attention was called in a valuable article which was published in 
the Edinburgh Medical Journal for January, 1910, by G. A. Gordon. 
Gordon's results are entirely in accord with those of Gibson. In 15 
cases of pneumonia, which he studied, there was not a fatal result when 
the blood-pressure, expressed in millimeters of mercury, was maintained 
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above the pulse-rate per minute, and in only one case did it happen that 
recovery occurred after the blood-pressure was persistently below the 
pulse-rate. This patient got well by the immediate administration of 
strychnine, quinine, and strophanthus, which, to some extent, restored the 
normal ratio. Gordon adds: "It may be one's good fortune sometimes 
to save a case in which the blood-pressure is persistently below the pulse- 
rate, but these cases will be few." 

During the past year I have had in my wards in the Jefferson Medical 
College Hospital a considerable number of cases of croupous pneumonia 
occurring in patients widely separated in years of age and in physical 
condition; widely separated also as to the size of the pulmonary lesions, 
as to the degree of toxemia, and as to the previous history and the state 
of such important organs as the heart and kidneys. The results which 
I have obtained fully corroborate the observations made by Gibson, and 
later by Gordon. In all cases in which the blood-pressure fell to the 
pulse-rate or below it, active stimulation was instituted. In those cases 
in which the blood-pressure bore a normal ratio to the pulse-rate, and the 
heart signs were satisfactory, no treatment by drugs was resorted to. 

In the past we have been accustomed to control therapeutic measures 
by the study of the first sound of the heart, the pulmonary second sound, 
and the aortic sound ; by the results obtained by palpation of the radials, 
by the degree of dyspnea and amount of cyanosis and venous turgescence. 
It is not necessary to state that these observations should be continued, 
for they are most important. But the point which I wish to emphasize 
is that by the use of the sphygmomanometer we can keep track of the 
patient from day to day, record his circulatory state, and when an intelli- 
gent trained nurse or resident physician is at hand, observations can be 
made so frequently, in the absence of the attending physician, that any 
tendency to circulatory failure can be discovered and equally promptly 
combated. 

If the pressure remains approximately normal and the speed of the 
heart increases, this would seem to be indicative of disordered cardiac 
action caused by the direct effect of the disease upon that organ, and the 
heart should be treated as the chief factor of importance. But if, on the 
other hand, the pressure falls considerably and the pulse-rate rises simul- 
taneously, then we have reason to believe that the vascular system is 
in need of stimulation, since the heart is endeavoring to fill relaxed vessels 
by increased activity. This view is strengthened if, on auscultating the 
heart, we find its first sound fairly strong. Under these conditions vas- 
cular tone rather than cardiac tone is desired. If the sphygmomanometer 
shows the pulse to be slow and the pressure high, the nitrites are properly 
needed; but if, on the other hand, the pressure is low and the heart is 
beating rapidly in its endeavor to fill relaxed vessels, the nitrites are very 
deleterious, as by their use we greatly increase the very state which the 
tired heart is endeavoring to remedy by extra effort. Yet I venture to say 
that there is no more common error in therapeutics to-day than the use of 
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the nitrites in circulatory failure of pneumonia. They ought never to 
be used if the pressure is below normal, but only if it is so high that we 
fear the heart will become exhausted in trying to drive the blood through 
the narrowed blood-paths. Even if the blood-pressure is above normal, 
this does not necessarily indicate the nitrites, because it is to be borne in 
mind that in the early stages of pneumonia a pressure above normal, if 
not excessive, may be a normal manifestation of the malady due to the 
stimulus of fever, and perhaps with the object of so increasing the rapidity 
of the circulation that phagocytosis and other protective processes may be 
aided. We are all so fearful of circulatory failure in this disease that the 
temptation is constantly to stimulate from the first, and to fail to recog- 
nize that many variations from the normal are the result of the adapta- 
tion of the body to the new conditions engendered by the disease. We 
must give nature, at least in the early stages, the credit of knowing what 
is the best thing to do to save the patient and give nature a 
chance. A ship which lies on an even keel in a driving 
gale is water-logged and lost. So in disease, many circulatory conditions 
may arise, which in a healthy man would be indicative of grave disorder, 
but in a man stricken by pneumonia may be natural. The man who 
"water-logs" his craft to keep her from going up and down in the storm 
courts disaster, yet how often do we, by the use of remedies, try to keep 
the patient on an even keel instead of allowing him to rise and fall with 
the waves of his storm. The study of the blood-pressure, or the vascular 
state, in pneumonia, gives us facts that enable us to avoid water-logging 
our craft, or over-drugging the patient ; and it also tells us when the seas 
are running so hi^h that the craft may be swamped, if we do not pour 
oil on the water and so enable the ship to ride out the storm. By this 
means we medicate only when necessary and we do not give medicines 
because the patient has pneumonia. I fail to see why a physician should 
order stimulants or sedatives for a case of pneumonia for the next twenty- 
four hours. What captain, whose ship was in a terrible storm, would 
write out orders for the next twenty- four hours and go below to sleep? 
If at one time the pressure is high enough to cause the heart undue 
labor it may be reduced by one or more doses of one of the nitrites, and 
if the pressure falls it may be raised by one or more doses of a vascular 
stimulant of which I believe belladonna and atropine to be of the best, 
not because it greatly stimulates the vasomotor centre, but because it 
equalizes the distribution of the blood. At one time atropine was thought 
to act as a universal vasoconstrictor, and the fact that the vessels of the 
skin were widely dilated by its use was ignored. The good that followed 
its use was supposed to be due to the rise of pressure it caused ; but I ques- 
tion if this is entirely true, for a rise of pressure means more work for the 
heart. I think that the chief value of atropine in failing circulation is 
that it prevents bleeding into the great abdominal vessels, dilates those 
of the periphery, and so equalizes the circulation or restores circulatory 
equilibrium. Circulation alone, without balance or equilibrium, is never 
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seen in health. Even the rigid pipes of this building, which heat it, 
would not functionate properly if the equilibrium of their circulation was 
so disturbed that in some the flow was so sluggish that no water 
was distributed to certain rooms. The restoration of circulatory equili- 
brium or normal distribution^ is the explanation of the value of alcohol 
and the cold bath in enteric fever. Furthermore, the restoration of cir- 
culatory equilibrium not only permits proper oxygenation and nutrition, 
but it greatly decreases the work of the heart, which, if ischemia exists 
in one part and congestion in another, finds its peripheral resistance at 
such variance that it cannot act properly, vainly endeavoring to fill empty 
vessels at one point and to empty engorged ones elsewhere. 

This brings me to another topic — namely, our attitude as to high pres- 
sure in those not acutely ill, and its state when such persons are stricken 
with an acute malady. An immense amount of statistical evidence estab- 
lishes the belief that a systolic blood-pressure of about 140 is the normal 
for an adult male ; and although this knowledge is of value it is neverthe- 
less capable of leading us astray, if we get the impression that it is normal 
for everyone who has reached adult life. There are few functions of the 
body so readily varied by slight causes as the maintenance of blood-pres- 
sure. Those with experience know that in nervous persons the pressure 
may be elevated 10 to 20 mm. of Hg. by the knowledge that the pressure 
is being taken. A pressure taken in the consulting-room may be so 
different from the patient's ordinary pressure as to be useless as a gauge 
of his average circulatory state. 

If he has any tendency to arterial spasm, and his heart is strong, the 
pressure may be very high, whereas if his heart is tired and weak the 
exertion of visiting the physician may cause an abnormally low pressure. 

As I have repeatedly pointed out before, the development of spasm 
or fibroid changes in the vessel-walls, if the heart is capable of expend- 
ing more power, results in a high blood-pressure which is essential to the 
life of the body. Inelastic vessels, more or less rigid, interfere with the 
passage of blood to such an extent that a higher pressure must be kept 
up to drive the blood through them. If we attempt to lower the ab- 
normal norm that nature has established, to the theoretical norm we 
produce a state in which the necessary distribution of blood is impossible. 
This represents a case in which an abnormal norm of 170 has been es- 
tablished and fever has raised the pressure to 190 or 200. The abnormal- 
ly slow pulse of 60 and the character of the heart-sounds show that that 
organ is laboring. We should not try to bring the pressure down to 
the theoretical or statistical normal of 140 but to about 170, and thereby 
relieve the heart of the extra burden between 170 and 200. The pulse- 
rate is now dangerously fast; we must endeavor to raise the pressure 
to approximate the pressure which is actually normal for that man and 
slow the action of the heart. 

Recently one of my assistants at the Jefferson Medical College Hos- 
pital, Dr. Lull, has been carrying out these studies in connection with 
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anesthetics. In one case, with the onset of the operation, the pre- 
operative blood-pressure of about 200 fell in a few minutes some 60 
points. Surely this was not an indication for the use of nitrites, although 
the almost routine, but erroneous, use of these drugs in circulatory failure 
would probably cause their administration by many otherwise well- 
trained men. Indeed, the excellent character of the heart-sounds, and 
the fact that the pulse-rate was not greatly raised, lead me to believe 
that the anesthetic may, by its sedative effect, have relaxed spasm of 
the vessels and relieved the heart of extra labor. Here is another illustra- 
tion of the value of comparing blood-pressure and pulse-rate. If as pres- 
sure fell rapidly the pulse-rate greatly quickened, the increase speed would 
show that the heart was endeavoring by extra labor to maintain a higher 
and essential pressure. On the other hand, if as the pressure fell the 
pulse-rate quickened but little, then the indication would be that the 
lower pressure was adequate for the needs of the body, and that it and 
the pulse-rate represented a nearly normal state of the patient. 

Patients should have had their pressure determined some days or hours 
before operation so as to get a true conception of its state and to leave 
time to adjust it if need be. If the pressure is found abnormally high it 
should be treated by rest in bed to lower it and to rest the heart, so that 
patients are not sent to the operating-room with a vascular system and 
heart under such strain that another ounce of energy cannot be produced 
to meet an extra call. In such instances, and in chronic cases character- 
ized by high pressure and not complicated by acute illness or operative 
measures, before we institute drug treatment we must determine the new 
normal pressure at rest and during exercise. We must determine the 
power of the heart-muscle, and if possible form an idea of how much 
reserve energy it possesses with which to meet a sudden call, and finally 
by relaxing the vessels by means of rest, bathing, massage, and perhaps 
drugs, relieve excessive strain. We also hope to increase cardiac power 
by these same agencies. In other words, in all cases of circulatory dis- 
order we should tune the circulatory system as a musician tunes his 
guitar by tightening one string and slackening another, and we should 
not attempt to better things by tightening everything up or slacking 
everything off ; in each case lack of harmony would develop. We should 
not always stimulate the heart when we stimulate the vessels, nor depress 
the heart when we relax the vessels. Sometimes we should stimulate 
the heart and relax the vessels. 

I have seen many cases of vascular spasm characterized by very high 
tension and in a state of low tension in which the radials and other 
vessels felt more like veins with pulse-waves than like arteries. In other 
words, the vessels have undergone the dilatation from fatigue and de- 
generation that so often occurs in the strained and tired heart. In these 
cases the heart is often found hypertrophied and dilated, and beating 
powerfully because it has been developed to maintain a high pressure 
in the face of vascular narrowing, yet cannot do this in the presence of 
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the now dilated blood-paths. For such cases I know no efficient treat- 
ment save rest in bed and massage. 

In this connection the original observations of Korothow and others, 
as to ausculation of the brachial artery below the cuff of the sphygmo- 
manometer, are of interest. As the cuff is relaxed and as the pulse first 
appears at the wrist, it will be recalled that a sharp tapping sound is heard, 
followed by murmurs as the pressure is still more relaxed. These dis- 
appear and are replaced by tapping sounds fainter than those which are 
heard at first ; finally silence ensues, due to the disappearance of all 
sounds representing the diastolic pressure and the first-named tapping 
sounds representing maximal systolic pressure. The auscultatory method 
makes the study of blood-pressure more accurate and of some diagnostic 
importance. Thus, in aortic regurgitation, the first or maximal systolic 
tapping sound is ver/ sharply accentuated and silence does not occur on 
the appearance of diastolic pressure — that is, when the relaxation of the 
cuff is permitting a free flow of blood. One of the best studies of this 
topic has recently been published by Goodman and Howell, of Philadel- 
phia. 

Leaving the subject of the blood-vessels, let me turn for a moment to 
some of the newer facts in cardiac physiology and pathology and discuss 
their bearing on treatment. It is hardly necessary to remind the medi- 
cal man of to-day that the impulse which results in cardiac contraction 
arises at the sino-auricular node at the mouth of the great veins, and 
thence passes down over the auricular and ventricular walls; nor is it 
necessary to recall the fact that disease or injury of His's bundle at the 
auricular margin results in partial or complete heart-block. In partial 
block only every second or third auricular contraction is able to reach the 
ventricles and excite these to contraction. The dissociation between the 
heart chambers is partial. In complete heart-block there is no relation 
between the auricular and the ventricular contractions ; each part of 
the heart beats independently of the other, consequently the dissociation 
is complete. 

It is not only important to bear these facts in mind, but also to re- 
member that the bulk of evidence seems to indicate that the influence 
of the vagus is exerted directly upon the auricular movements and only 
indirectly upon those of the ventricles. In other words, the vagi, when 
stimulated, slow the beating of the auricles, and as a result the number 
of contraction waves passing per minute, by way of the bundle of His 
to the ventricles, is diminished. Again, it must be borne in mind that the 
ventricles, although controlled by the auricles through the bundle of 
His, when this bundle is intact, are nevertheless capable of perfectly nor- 
mal contractions if they are entirely cut off from their ordinary source 
of impulse. Damage to the auriculoventricular bundle is serious, not be- 
cause it stops the ventricles, but because it causes incoordination between 
parts of the heart which are interdependent, if the normal function of this 
organ is to be maintained. 
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Turning now to the greatest of all cardiac drugs, digitalis, we may 
recall two important facts. The first is that it powerfully stimulates the 
vagi and so primarily slows the auricles and indirectly the ventricles. 
The second fact is that it stimulates the auricular walls themselves very 
little, if at all, but powerfully stimulates the ventricular walls so that they 
beat more forcibly, and, further, if these ventricular walls are cut off 
from the vagus influence by injury to the bundle of His they also con- 
tract more frequently under digitalis than before the drug is given. In 
a case of partial heart-block in which the ventricular contractions are 
only one-third as frequent as the auricular movements, because the con- 
traction-wave only occasionally gets to the ventricles, this will result in 
diminishing the number of impulses to contraction that can attempt to 
cross the bridge made up of His's bundle, and as a consequence a danger- 
ous slowing of ventricular action may ensue. In other words, the use 
of digitalis in a case of partial heart-block may precipitate a fatal attack 
of the Stokes- Adams syndrome. On the other hand, it is conceivable that 
in the presence of complete destruction of His's bundle, or complete 
heart-block the use of digitalis may be advantageous, because as the ven- 
tricles are no longer in the slightest degree under the control of the 
auricles they are increased in power and in frequency of contraction by 
digitalis, and thereby are able to supply the body with a greater volume 
of blood. Von Tabora has proved that this takes place, for he found 
that if His's bundle is destroyed and digitalis is given the auricles beat 
more slowly, but the ventricles beat faster, and thereby an approximately 
normal ratio between auricular and ventricular beats ensues. In other 
words, if the auricles in a given case are beating 150 times a minute, 
and the ventricles only 50 times a minute, the auricular beats may be de- 
creased by the vagus effect of the drug to approximately 75, and through 
the ventricular influence of digitalis the ventricular beats may be raised 
to 75, and so normal equality in the number of beats would be produced. 
An absolute equality in rate or in time may not be positive of achievement, 
but the two rates can at least be approximated. Thus, in one of Bach- 
mann's cases 3.72 to 1 became 1.45 to 1. 

Given a case of mitral stenosis in which the obstruction is not so great 
as to interfere seriously with the passage of blood through the mitral 
orifice, then cardiac rhythm is well maintained; but, if the obstruction is 
great, arrhythmia develops, usually in direct ratio to the failure of the 
auricle. 

In other words, the distention and exhaustion of the auricular wall 
impair its ability to conduct the impulse, arising in the sino-auricular 
node, to the ventricle. This view is held by Mackenzie. It not in- 
frequently happens, as Mackenzie says, that the attack of rheumatism 
which has damaged the valves, and so caused stenosis, also is responsible 
for damage to the nearby auriculoventricular bundle, or it impairs the 
blood-supply of the bundle by damaging the artery which supplies it. 
This may, on the one hand, decrease its activity, or may render it more 
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irritable. If it is decreased in activity partial heart-block ensues. If 
it is rendered more irritable when the contraction-wave starts, not in the 
sinoauricular node but in the auriculoventricular node, in accordance with 
the law that the contraction-wave starts at the most excitable part of the 
primitive cardiac tissues. This gives rise to the so-called "nodal rhythm," 
in which the ventricle starts to contract a fraction of a second before the 
auricle— that is to say, the normal sequence is reversed and the function 
of the heart seriously impaired. As digitalis stimulates part of the heart 
we may develop by its use in a case of nodal rhythm excessive ventricular 
systole, and so increase the difficulty. 

As long ago as 1872, that most acute clinical observer, the late Dr. 
Mahomed, of London, called attention to the fact that in mitral stenosis 
there is a delay in the occurrence of ventricular systole after auricular 
systole, and, as is pointed out by Thomas Lewis in the Qtuirterly Journal 
of Medicine for July, 1909, Galabin in 1875 published cardiograms actu- 
ally showing this delay. These observations have been confirmed in 
recent years by Mackenzie, Herringhan, and Hay, and indicate that partial 
or complete heart-block may develop in mitral stenosis. It is readily un- 
derstood that certain physical signs may render it imperative that we 
should be most cautious in our use of digitalis in mitral stenosis. Thus, 
the disappearance of the presystolic mitral murmur in severe mitral 
stenosis is undoubtedly due to the inability of the auricle to drive the blood 
past the obstruction, or, in other words, to a greater or less degree of 
paralysis of the auricular wall. One of the reasons for believing this to 
be the case is that with the disappearance of the murmur a jugular 
pulse develops which is synchronous with the contraction of the ventri- 
cle. Some consider that this jugfular systolic pulse is the direct result of the 
contraction of the right ventricle, but Mackenzie and others think it 
results from a simultaneous contraction of the right auricle and right 
ventricle. Whatever may be the cause of this jugular pulse, which is 
systolic in time, the cardiac function is upset and a state not unlike that 
which obtains in the Stokes-Adams syndrome obtains, viz., delay in the 
passage of the contraction-impulse from the sinoauricular node over 
His's bundle, or, in other words, a state closely allied or equivalent to 
partial heart-block with jugular pulsation. In other cases a state is pro- 
duced like that of nodal rhythm. 

The therapeutic lesion would therefore seem to be that digitalis in 
mitral stenosis, with incoordination between the auricle and ventricle, 
may be a very dangerous drug, since by its power of diminishing auri- 
cular contraction through vagal stimulation, and its inability to increase 
the power of the auricular wall, it may increase the danger of auricular 
distention by retained blood and so paralyze this part of the heart. In 
other words, it may actually decrease the power of the auricle to empty 
itself into the ventricle. As Mackenzie well says, if there be depression 
of one function of the heart, vagus stimulation is liable to seize upon that 
function and increase the depression, presumably through its vagus in- 
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fluence. Furthermore, this tendency to distention of the left auricle is 
aggravated by the fact that the digitalis stimulates the right ventricle to 
drive more blood into the left auricle, thereby still further distending^ that 
cavity. Lewis states that digitalis has been proved, by observations made 
with instruments of precision, to increase partial heart-block, and Mack- 
enzie on p. 186 of his well-known book (2nd ed.) states that the fact 
that vagal stimulation may be an important factor in the production of 
heart-block is not to be forgotten. This view is held by Mackenzie and 
has been proved by a number of investigators, particularly Roy and 
Adami. In conditions in which the cardiac conductivity is decreased there 
seems to be little doubt that digitalis still further impairs it. Mackenzie 
goes so far as to state that he always makes it a rule to stop the use of 
digitalis in a case of stenosis as soon as he finds the pulse is dropping 
a beat. 

From the facts already stated the following deductions would seem to be 
correct and important: — 

Given a patient suffering from circulatory failure due to mitral stenosis, 
it is our duty not only carefully to weigh the import of the tumultuous 
cardiac sounds, but by the use of instruments of precision to determine, 
if possible, whether there is delay in the transmission of the contraction- 
impulse over His's bundle. If such a delay exists in doses large enough 
to cause distinct and sharp cardiac effect, it is probably capable of pro- 
longing this delay and so doing harm. If in addition to this delay there 
is a jugular pulse synchronous with ventricular systole, digitalis is still 
more contra-indicated, as it will impair the action of the left auricle, 
and will still further distend it by stimulating the right ventricle. If 
given at all, the dose of digitalis must be so small as to produce a very 
gradual effect, one which will not consist in decreasing auricular contrac- 
tion through vagal stimulation, but gently reestablish general cardiac 
power. In other words, here is another instance in which the question 
of a proper dose is as important as the choice of the proper drug. The 
question naturally arises, If not digitalis, what else? The answer would 
seem to be that in such a case as that just described we should give the 
patient absolute rest, unload the portal system by free purgation, use 
venesection, it may be, to relieve stasis, and give rapidly-acting diffusible 
stimulants for a few hours until the coordination of cardiac movement 
is reestablished. When this is done then small doses of digitalis, arsenic, 
and iron may be used to restore cardiac tone. 

In concluding this paper let me hope that I have not wearied the readers 
with facts already familiar. If they have been too familiar to have been 
interesting, they will at least have served the purpose of impressing upon 
all physicians, particularly upon the younger ones, the need of constant 
study of the complex problems of physiology and pathology, and their 
bearing on successful treatment. Last of all they may serve to refresh 
the weary practitioner in that they show that the practice of medicine is 
not a laborious grind, but a means by which we can earn a living and still 
wander as true scientific students in ever new and developing paths of 
original investigation. 
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ARTERIOSCLEROTIC CHANGES IN THE ABDOMINAL VES- 
SELS. 



By Wawer W. Hamburger, M. D., of Chicago, 
Instructor in Medicine, Rush Medical College. 



Through the descriptions of Ortner/ MuUer,* Neusser,* and Schnitz- 
ler,* among others abroad, and Gilbride,** and Akin,® in this country, 
the clinical picture resulting from arteriosclerosis of the abdominal vessels 
has become fairly well defined. The picture has become sufficiently clear 
to justify its addition to the other members of the arteriosclerotic group, 
viz: the cardiac, the cerebral, the renal and the peripheral (intermittent 
claudication.) This paper is presented for the purpose of correlating 
the more important features of this type of arteriosclerosis and of add- 
ing a few new facts to its pathology and therapy. 

Abdominal or splanchnic arteriosclerosis is equivalent to the other 
types of arteriosclerosis in its etiology and pathogenesis. The broaden- 
ing concept that arteriosclerosis in general occurs as a result of ab- 
normally increased functional demands (Kaufmann,*^ Thoma, Albrecht, 
Marchand, Jores, the Abnutsungskrankheit of Romberg) applies with 
equal force to this form. Overeating, with chronic overloading of the 
stomach and intestines, is probably of special importance in the pro- 
duction of splanchnic vessel-change, in view of the direct strain on digest- 
ive function. Frankel and Hasenfeld,® discuss the relationship of sedenta- 
ary habits in corpulent individuals to the development of splanchnic sclero- 
sis. 

The clinical picture is many sided — at times resembling the gastro- 
intestinal neuroses, at others simulating organic disease. The first evi- 
dence of the sclerotic process is seen most commonly in men over forty 
years of age, although vessel-changes frequently begin with puberty or 
earlier. Hirschfeld's," patient vomited blood from rupture of a sclerosed 
arteriole in the stomach at the age of eighteen. Gallard's,^^ case was a 
young man of twenty-eight years: In an autopsy performed at the 
Augusta Hospital, Berlin, on a man thirty-two years of age, the 
abdominal aorta and the vessels of the lesser curvature of the stomach 
were markedly sclerosed.^^ 

The patients usually present marked weakness, loss in weight, and 
distaste for meat, suggesting carcinoma (Akin.) Inquiry reveals that 
this loss is due to lack of sufficient nourishment from fear of eating. 
Attacks of intense abdominal pain are often precipitated by food, par- 
ticularly of the cabbage, pea, bean, etc., variety (Ortner,),*^ and the 
patient cuts down his rations with the hope of preventing future at- 
tacks. 



78 HAMBURGEW: ARTERIOSCLEROSIS 

Abdominal distension, belching and flatus are common complaints, often 
occurring paroxysmally, and at night. Examination may show localized 
abdominal meteorism with prominent intestinal loops, but without spasm 
or peristaltic waves. Elliott^' describes a similar paroxysmal flatulency 
occurring at night in arterial hypertension. The phenomena are probably 
identical and in both cases due to periodically increased blood pressure 
from vessel spasm (Pal).'* 

Probably the most characteristic of the clinical phenomena are the at- 
tacks of severe abdominal pain — the angina abdominis, — attacks closely 
resembling angina pectoris, except for their localization.* The patient 
locaHzes the pain in the epigastrium and about the umbilicus. It occurs 
usually from two to three hours after a heavy meal, is griping and twist- 
ing in character, lasts usually from one or two minutes (Kuttncr)"" to 



Figure 1. 
The injection of 0.04 gm. dluretin in a 6 kg. dog causes a slight (10 mm.) 
rise of carotfd blood-preSBure recorded by a mercury manometer. 

as many hours (Ortner), and is associated with distended abdomen, in 
contrast to the scaphoid abdomen in tabetic and lead crises (Pal), with 
dyspnea (and at times cyanosis), with obstipation, with anxiety and the 
fear of death. The agony of a patient during such a paroxysm may be in- 
tense. A woman in Neusser's wards, passing through such an attack, 
reminded one of the agony of the gastric crises, of intestinal obstruction, 
of kidney or gall-stone colic^with perhaps even increased intensity. 

The cause of the angina has long been a source of dispute. Schnitzler 
and Markwald,'* draw the parallel to intermittent claudication and think 
the pain is due to ischemia following vessel spasm, Kaufmann and 
Pauli," and Ortner conclude that the pain is due to spasm of the vessel 

■In this connection one remembers that the pain in true angina pectoris Is 
often localized In the upper abdomen or even lower down. Cf. In particular. 
NeuBser (Angina Pectoris). 
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itself from irritative changes in the intima. Buch^* obscures the question 
still further by the interesting observation of cases with extreme splanch- 
nic vessel disease, but without symptoms. He suggests that there may 
be advanced endarteritic changes without involvement of adventitia, as 
Sternberg has described, in the extremities. This agrees with the views 
of Carriere,^* and Teissier,'** that the tenderness is due to associated 
peri-arteritis. 

The obstipation has likewise been the subject of some discussion. Pal" 
showed experimentally in dogs, that peristalsis stopped in those segments 
of bowel whose blood supply had been interrupted. He explains clini- 
cally the obstipation as atony of bowel from anemia produced by vessel- 
spasm. Schlesinger** saw recurrent ileus in two patients, which, through 
autopsy was shown to have been caused by sclerosis of the mesenteric 



Fignre 2. 

The Injection of 0.1 grm. theobromine Bodlum salicylate in an S bg. dog 

causes no change In the carotid blood -pressure (upper tracing). Tbe Injection 

of 0.2 grm. of the same drug 10 minutes later causes no change (lower tracing). 

vessels. One case had undergone operation three times for obstruction 
without the cause being recognized. 

Sudden profuse hematemesis simulating the hemorrhage of gastric 
ulcer, often with fatal outcome, is frequently the first and only evidence of 
abdominal vessel-disease. It occurs when the sclerosis has invaded the 
arterioles in the stomach and upper bowel submucosa. Gallard, in 1884, 
described the first fatal case of hematemesis on the basis of arteriosclero- 
tic disease. His patient was a twenty-eight-year-old man who suffered 
with intense epigastralgia, and recurring bloody vomiting. Autopsy 
showed a small erosion on the posterior wall of the stomach, the floor of 
which contained a grey thrombus in a small aneurysmatically dilated 
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vessel. Case nine, of the series to be reported, was a forty-three-year- 
old woman, who four years previously had underi:one gastro-enteros- 
tomy for ulcer. Autopsy showed a small sclerotic ruptured vessel pro- 
truding through the heated ulcer floor. 

There are a number of helpful physical findings which may serve as 
differential aids. Arterial tension is usually increased, the degree de- 
pending on the extent of vessel involvement. A patient now under obser- 
vation at the Central Free Dispensary, Chicago, with advanced abdominal 
arteriosclerosis, had a systolic blood-pressure of 196 mm. Hg. Left 
ventricular hypertrophy and accentuated aortic closure are present when 



FlKure 3. 
The Injection of 0.1 gna. sodium tbeobromlne salicylate In a 4 hg. dog 
causes a slight fall Is blood-pressure. (Lower tracing,} 

the condition has persisted some time, and are directly related to chronic 
hypertension. During the attacks of angina the pressure is still further 
r^sed, due to vessel-spasm similar to the hypertensive crises in lead and 
tabes (Pal). 

The relation of partial or complete obstruction of the splanchnic ves- 
sels to increased blood-pressure lias been recently studied experimentally. 
Longcope and McClintock,^^ concluded that the rise in pressure, follow- 
ing clampirg on the celiac axis and superior mesenteric artery, in dogs 
was due to mechanical blocking of circulation. 
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Marked abdominal pulsation and tenderness on pressure over the 
easily-palpable resistant aorta, are sug^stive findings. Often one may 
hear a rough systolic murmur with the stethoscope over the course of 
the aorta. 

Marked sclerosis in other vessels may be of valuable contributory 
evidence. In this regard, the recently published work of Fischer and 
Schlayer,** is particularly suggestive. Seventy-five per cent of the arter- 
ies diagnosed clinically by Romberg as sclerotic, failed to show micro- 
scopic change in intima or media. They concluded there must be "func- 
tional thickening" in such vessels. The results show the need of con- 



Flgure 4. 
The injection of 0.2 grm. sodium tbeobromlne salicylate In a 4^ kg. dog 
causes a marked fall in the carotid hlood-preseure recorded by a mercury mano- 
meter. (Upper tracing.) 

servatism in the diagnosis of sclerosis when thickening, resistance, and 
tortuosity are the only positive clinical findings. 

The pathology of this report is based upon the results of the gross 
and microscopic study of 10 cases, carried out under the direction 
of Prof. Oestreich at the Augusta Hospital, Berlin. I shall give 
merely the conclusions reached from that study. The literature, 
technique employed, and findings in detail appeared in the Deutsche 
Arckiven fuer Klinischc Mcdkin, for August, 1909. Following the usual 
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autopsy, a careful macroscopic examination of the aorta and its larger 
branches was made. 

Changes in the Stomach Vessels. — The 10 cases comprised five men 
and five women. In 6 cases under forty-three years of age, marked 
arteriosclerotic changes were found, the youngest being twenty-two years 
old. Two cases between fifty and sixty years of age showed no evidence of 
sclerosis. The changes in the stomach vessels were of the usual his- 
tolo^cal type found in sclerosis of other parts of the arterial tree, 
I found no aneurysmatically dilated arterioles described by other authors. 
In 3 cases a number of branches of the smaller vessels showed sclerosis, 
the remaining branches being entirely free. In some cases the vessels 
of the lesser curvature were more diseased ; in others those of the pyloric 
or cardiac regions. No regular distribution could be determined, the 



Figure 6. 
Injection of 0.2 theobromine sodium Ballcyl&te with Intact vagi. Compar* 
with Figure 6. 

vessels of the lesser curvature, the Art. Cor. vent. sup. dex. et sin. show- 
ing most frequent and extensive disease. The larger branches were more 
frequently involved than the smaller arterioles of the submucosa. 

Changes in other vessels in relation to changes in stomach-vessels. — The 
conclusions may be summed up as follows : — 

Marked irregularity in distribution of the arteriosclerotic process in 
different vessels. In spite of moderate sclerosis equally distributed 
throughout entire aorta, marked arteriosclerotic disease in coronary ves- 
sels in contrast to minimal change in celiac axis, and vice versa. One 
is not justified from the examination of any single vessel in estimating 
general arteriosclerosis. There may be no anatomico-pathological rela- 
tionship between angina pectoris and angina abdominis in cases where 
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such a relationship seems to exist clinically. In this connection it is 
interesting to note a statement of Pal's, who describes hypertensive crises 
in perfectly nonnal vessels. 

Changes in stomach vessels and their relation to pathological changes 
in stomach wall. — Minimal to moderate vessel scleroses cause probably 
no determinable changes in stomach coats. This is likewise true in other 
organs— brain, heart, kidney. Marked sclerosis, on the other hand, has 
important sequelx in spite of the rich arterial aiiastamosis ; in one case 
ulcer, in another adenoma. Lewin,-* describes a similar benign adenoma 
in one of his cases. Arteriosclerotic disease in the stomach vessels oc- 
curred in the early years of life in this series, and suggests the relation- 
ship to gastric ulcer, which likewise appears comparatively early. The 
fact that the larger vessels were more diseased than the smaller, is 
another factor in favor of ulcer formation. In other organs anemic and 
hemorrhagic infarcts follow closure of the larger vessels. A similar 



Figure 6. 
Infection of 0.2 theobromine sodium ealtcylate after sectioning both vagi. 
Compare tbe marked fall in pressure with that obtained with intact vagi. 
(Figure 5.) 

infarct or necrosis in the stomach would probably develop ulcer through 
digestion by stomach ferments. 

Prophylactic measures for preventing the development of general 
arteriosclerosis are of course most essential. Until we understand more 
fully the metabolic processes concerned in arteriosclerotic disease, we 
must be content to give these in general terms. Reduction in excessive 
mental and physical work, in excessive food quantities, in tobacco, coffee, 
alcohol and other stimulants; avoidance as far as possible of fatigue, 
worry, anxiety and emotional excitement, moderation in exercise, suffi- 
cient sleep, sufficient warmth to the surface of the body with the pre- 
vention of chilling, regularity in bowel passage, out-of-door life in a 
warm equable southern chmate of low altitude; these are among the 
controllable factors for the preservation of healthy arterial tissue. 
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When the vessels are definitely diseased similar measures are indicated. 
In addition, the iodides are usually given with supposed benefit. They 
probably do exert some direct influence on vessel-wall (Osier.) 

I wish to speak particularly of the measures to be employed during 
the acute exacerbations of abdominal pain. Here active drug treatment 
must be instituted, together with complete rest in bed with warm appli- 
cations to the abdomen. Osler,^ recommends repeated large doses of 
nitroglycerine to lower blood-pressure. Kreuzfuchs,^® advises morphine. 
Kuttner, Pal, Neusser, Romberg,^* Perutz,^ Breuer,^'' Kaufman and 
Pauli, and Buch emphasize the value of the theobromine preparations, in 
particular diuretin (theobromine sodium salicylate). 

The exact pharmacology of this action of diuretin is not clear. Plavec^ 
(1904) from clinical observations on the diuretic action of theobromine 
concluded that it is a cardiac stimulant and a vaso-dilator, the resulting 
effect on blood pressure varying with the predominating action. Cohn- 
stein, Thomas, Bock, Impens and Belan noted a fall of blood pressure 
following theobromine; PfeflFer, Geisler, Pawinski, Bordet, Tanszk and 
Solacoln noted a pressor effect. 

Pal (1905) thought its activity as a vaso-dilator had not been demon- 
strated and quotes Neusser, that it may relieve the angina without in- 
fluencing general arterial pressure. He suggests its point of action may 
be the sympathetic. Buch thought it neutralized the toxic effect of some 
hypothetical poison, which caused vascular contraction by irritation of 
the vasomotor center. 

There seems to be no question that theobromine causes vascular dilata- 
tion as does caffeine.* In an endeavor to study its effects on blood-pres- 
sure, I have made some experimental injections in dogs. The work was 
done in the laSoratory of the Michael Reese Hospital. 

Diuretin (Knoll) and theobromine sodium salicylate (Merck) were 
used. They were dissolved in distilled water so that not more than 2 
c. c. of total quantity of liquid was injected at any one time. The in- 
jections were made into the femoral vein of an anesthetized dog, the 
blood-pressure estimated from a cannula in the carotid artery connected 
with a mercury manometer and revolving smoked drum. 

The results may be summarized as follows: Minute amounts of the 
drug (0. 04 grm. in a 6 kg. dog) produce a very slight pressor effect 
(Fig. 1.) Somewhat larger dosage (0.1 and 0.2 grm. in an 8 kg. dog) 
produces apparently little if any effect (Fig. 2.) A very slight increase 
over an amount which produces no effect on blood-pressure, is sufficient 
to produce a distinct depressor effect. Fig. 3 (0.1 grm. theobromine 
sodium salicylate in a 4>^ kg. dog.) Fig. 4 (0.2 grm. in a4>4 kg. dog.) 
Larger amounts produced a correspondingly greater depression. The 
average fall of pressure produced by increasing amounts has been tabu- 
lated in the following table: — 

^Personal communication from Dr. G. N. Stewart, of Cleveland. 
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Grms. Sodium Theobromine 
Salicylate per kw. of 
animal. 
.0066 
.0125 
.022 
.040 
.062 
.066 
.125 



Effect on blood-pressure 

expressed in mm. of Hg. 

Rise. Fall. 

10mm. 



22mm. 

30mm. 

36mm. 

42mm. 

65mm. 



The effect on the heart was not constant. Small amounts caused a 
moderate slowing while the large doses causing marked depression of 
blood pressure were usually accompanied by an acceleration of heart beat, 
probably an attempt to overcome the fall of pressure. That the depres- 
sor effect is due to a peripheral action was demonstrated by comparing 
the effect of injection before and after section of both vagi. Fig. 5 
shows a fall of 24 mm. as a result of the injection of 0.2 grm. 

Fig. 6 shows a fall of 62 mm. following the injection of an equal 
amount, both vagi having been sectioned just before injection. 

While these results are not conclusive, they suggest strongly that the 
relief given by theobromine in abdominal angina is due to splanchnic dila- 
tation, the area of greatest peripheral vaso-dilation. The effect on blood- 
pressure seems to be of secondary importance, depending on the relative 
balance between cardiac activity and peripheral vasomotor tone. 



Summary. 

1. The clinical picture of abdominal arteriosclerosis is characterized 
by abdominal tenderness and distension, (without peristalsis), by severe 
paroxysmal abdominal pain, obstipation, hypertension and at times sudden 
profuse hematemesis. 

2. The pathology of abdominal arteriosclerosis is similar to that of 
the peripheral vessel scleroses ; the larger branches of the vessels of the 
lesser curvature of the stomach are most frequently involved; advanced 
sclerosis of the gastric vessels seems to have a rather direct relationship 
to the production of gastric ulcer. 

3. Intravenous injections of moderate amounts of theobromine sodium 

salicylate (diuretin) in dogs cause a fall in the carotid blood-pressure, 

apparently from splanchnic vaso-dilation. This may explain the relief 

obtained clinically in angina abdominis following administration of the 

drug. 

122 South Michigan Boulevard. 
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The more or less unconscious estimation of the blood-pressure by means 
of palpation of the radial artery is probably almost as old as the art of 
medicine itself. Our predecessors, with their highly trained sense of 
touch, must often have drawn just conclusions as regards the degree of 
tension of the arteries they palpated, although they were unable to 
formulate their observations as precisely as we now can. Indeed, some 
eminent clinicians even to-day maintain that they can estimate the blood- 
pressure at least as accurately by means of the palpation of some of the 
larger arteries as by the use of apparatus. Nevertheless, the fact remains 
that our knowledge of the behavior and significance of blood-pressure 
in health and disease has been drawn from the use of modern clinical 
instruments of precision. 

In discussing this subject, the difference between the so-called systolic 
and diastolic pressures must always be kept in mind. With each beat 
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of the heart, a certain amount of blood is thrown out into the arteries. 
These, however, being highly elastic dilate to receive this blood and 
empty themselves only gradually through the capillaries into the veins. 
Thus the next beat of the heart finds the arteries still full of blood 
and this blood still under a considerable pressure, owing to the elastic 
tendency of the arteries to contract. The additional blood thrown into 
the arteries causes a renewed rise in pressure of their contents, so that 
the blood in them is alternately placed under a lugger and a somewhat 
lower pressure, the latter, however, never even approaching zero. The 
former has been called the systolic or maximum pressure, the latter the 
diastolic or minimum pressure. 



Fig. 1. — Cooke's modlflcatlon of the Riva Roccl Spli7gmomanometer. 

Technique. 
A great variety of instruments has been devised for the purpose of 
registering the blood-pressure, all of which are fundamentally based 
upon two original types. The first, that of v. Basch, modified later by 
Potain, consists of a rubber bulb, whose lumen is connected with a 
mercury manometer. The bulb is placed over an artery and sufficient 
pressure exerted to cause the disappearance of the pulse, this pressure 
being registered in the manometer. The disadvantages of the apparatus 
are many, the fatal one being that any lateral pressure against the tissues, 
a matter hardly to be avoided, is registered as well as the pressure directly 
exerted upon the artery. The other method, upon which most modern 
instruments are based, dates from the communication of Riva Eocci 
in 1896. In this a rubber bag is made to encircle the arm and is inflated 
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by a. rubber bulb, the pressure in the arm-band being registered in a mano- 
meter. The amount of pressure required just to cause a disappearance 
of the radial pulse registers the maximum or systohc blood-pressure. 
The artery is equally compressed from all sides against the humerus, 
thus doing away with the chief fault of the earlier methods. Riva 



Fig. 2. — Stanton's Sphygmo manometer. 



Pig. 3.— Jane way's Sphygmomanometer, 

Rocci, as more recent work has shown, used too narrow an arm-band. 
This, when inflated, produced a furrow in the arm, so that some of the 
pressure registered in the manometer was exerted upwards and down- 
wards against the tissues and not upon the artery. Hence, all of the 
modem sphygmomanometers use an arm-band 10-12 cm. wide, in which 
this source of error is reduced to a minimum. They differ chiefly in 
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the construction of the manometer. A brief description of some of 
those most commonly used may prove of interest to our readers. 

Riva Rocci Sphygmomanometer (Fig. 1). — The instrument that most 
nearly approaches the original apparatus of Riva Rocci is Cooke's modi* 
fication. A. long jointed glass tube, graduated in millimeters arises from 
a cistern of mercury, which is connected on the one hand with a cloth 
covered rubber arm-band and on the other with a double cautery bulb 
inflator. The instrument is fragile and not readily portable. 



— Faiight's Sphygnioma no meter.' 



ng. 5. — Roger's (Tycos) Spbygmomanometer. 

Slanlon's Sphygtnomanomeler (Fig, 2) avoids these faults by the use 
of a metal cistern and more rigid joints. The rubber ami-band is sur- 
rounded by a canvas cuff. The instrument is easily portable, but a 
little troublesome to set up and the mercury is readily spilt by the in- 
expert user, 

Janeway's Sphygmomanometer (Fig. 3) employs the U-tube mercury 
manometer, with the longer arm jointed, and a Politzer bulb as inflator. 
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It is readily portable and very convenient to use but is rather fragile 
and in it, too, the mercury is easily spilt. 

Foughfs Sphygmomanometer (Fig. 4) is peiiiaps the most convenient 
of those using the mercury manometer. Each arm of the U-tube, «4iich 
is not jointed, but is mounted solidly against the lid of a box, is provided 
with a stop-cock which is closed before the instrument is put away and 
thus avoids all danger of spilling the mercury. The most recent models 
have a metallic pump which is in every way superior to the rubber bulb 
inflators. The instrument packs into a box some fourteen inches long in 
which it can readily be carried about. 

Roger's Sphygmomanometer (Fig. 5) is more conveniently portable 
than any of the above. The mercury manometer is replaced by a metallic 
spring with a dial, the arm-band is held in place by a cloth cuff which is 
simply wrapped about the arm and the inflator is of the atomizer-bulb 



Fig. 6. — EShrlanger'fl Sphygmomanometer. 

variety. The whole can readily be carried in the coat pocket. The dial 
manometer is however neither so delicate nor so permanent as those em- 
ploying mercury, 

Erlanger's Sphygmomanwmeter (Fig. 6) has the great advantage of 
affording graphic records. By means of an ingenious device, the impulse 
of the brachial artery against the inflated rubber arm-band is recorded 
on the smoked surface of a kymographion drum. When the arm-band is 
inflated so as entirely to occlude the artery, no pulsation is registered. 
As the pressure is allowed to fall, the appearance of distinct pulsations 
marks the systolic pressure. The pulsations grow larger as the pressure 
falls until the point of diastole pressure is reached; whereupon they 
rapidly decline in amplitude. The disadvantages of the apparatus, besides 
its bulk, lie in the fact that the mercury column and the pulse tracing 
must be watched simultaneously, not always an easy matter, and that the 
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point of systolic pressure is not always distinctly marked. For the 
purpose of recording the diastolic pressure, however, the apparatus is 
the best at our disposal. 

Vo9v Recklingliausen's Tonometer (Fig. 7) is extensively used for ac- 
curate blood-pressure measurements, especially in Germany. It consists 
of an extremely delicate spring manometer, a wide cuff not unlike those 
described above and a long, metallic air-pump. While bulky, it is portable. 
Its chief disadvantage is its relatively high price. 

HUl's Sphygmometer (Fig. 8) has the usual arm-band and inflating 
bulb and an ingenious portable mercury manometer. It consists of a 
single tube, the lower end of which is sealed into a small reservoir, 
as is shown in the enlarged figure of this part of the instrument. The 
armlet tube is attached to the end of the glass tube, which is also sealed 




Fig. 7. — ^Von Recklinghausen's Sphygmomanometer. 

into the reservoir, and opens into the upper part by a capillary opening. 
A small (quantity of mercury is introduced into the reservoir. When the 
pressure is increased, air is forced into the reservoir and the mercury is 
driven up the manometer, registering the pressure on a millimeter scale. 
When in use, the manometer is fastened to the wooden thermometer 
case, in which it is carried, by a rubber ring; a simple little brass foot 
is screwed on the end of the case and supports it in the vertical position. 
The brass foot folds up and goes into the case beside the thermometer. 
Owing to the capillary openings the mercury does not spill. The wooden 
case containing the manometer may be thrown into a satchel with the arm- 
band and bulb, and thus carried conveniently. 

Among the instruments less frequently used a few deserve still to be 
mentioned. 

Sahli's Sphygmobolometer is a complex* apparatus by means of which 
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not only the blood-pressure but the energy of the pulse may be measured. 
The complexity of the apparatus and the skill required for its manipula- 
tion render it as yet suitable only for purposes of research. 

The Sphygmo-oscUlometcr was devised by Panchon, a Parisian phy- 
siologist. It consists of a pump, an arm-band and a manometer con- 
sisting of a rigid metal box containing a delicate aneroid barometer. The 
amplitude of the oscillations of the latter renders the estimation of the 
diastolic pressure particularly accurate. 



fig. S.— HIU'B Sphygmometer. 

Gaertncr's Tonometer, though very portable and compact, has practi- 
cally been abandoned by clinicians. A small hollow rubber ring, con- 
nected with a pump on the one hand and with a manometer on the other, 
is shpped over the finger which is then made anemic by means of a rubber 
band. The latter is removed and the pressure that will just permit the 
.return of the blood to the finger-tip is recorded. The apparatus permits 
only of the determination of the systolic pressure and even so is subject 
to a variety of sources of error. 
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Methods of Estimating Blood-Pressure. 

Palpatory. — The older methods of estimating blood-pressure all depend 
upon the palpation of the radial artery, while pressure is exerted higher 
up, usually by means of an elastic bag upon the brachial. The arm-band 
is first inflated until the radial pulse has entirely disappeared. Then 
with the eyes upon the manometer and a finger upon the radial, the 
observer allows the pressure to fall, until the radial pulse reappears. 
This point marks the maximal or systolic pressure. As the pressure in 
arm-band and manometer is allowed to fall still further, the radial pulse 
becomes stronger. A point of maximum pulsation is reached, after 
which, if the pressure continues to fall, the pulse again becomes smaller. 
This point of maximal radial pulsation marks the minimal or diastolic 
pressure. A little training of the sense of touch is required for the 
determination of the maximal blood-pressure, beginners usually obtain- 
ing results somewhat too low. A much higher degree of tactiis ertiditus is 
necessary for the palpatory determination of the minimal or diastolic 
pressure. The diflference between the strength of the radial pulse 10 
mm. above and below the point of maximal intensity is by no means 
always great, and diflferent observers, especially if relatively unskilled, 
will by no means always agree in their estimates. The method becomes 
somewhat more satisfactory if, as suggested by Hirschfelder, "the artery 
is palpated with the ball of the finger instead of the finger-tips, while 
the finger-tips rest against the radius." Repeated determinations are 
necessary. 

The chief recent exponent of this method, though in a modified form, 
is Ehret. He has found that, as the pressure in the arm-band is steadily 
raised, a point is reached at which the pulsation in the cubital artery, 
at the bend of the elbow, suddenly becomes stronger ; so much so that the 
adjoining tissues are shaken with each pulse. This point marks the 
diastolic pressure, as Ehret was able to show by comparison with other 
methods of recognized validity. He considers it the simplest and most 
accurate method of determining the diastolic pressure. Our own ex- 
perience with the method has not been so favorable. Cases are not 
infrequent in which the change in amplitude of the pulse at the point 
of diastolic pressure is by no means so striking as Ehret's description 
would lead one to suppose. For routine use we consider it distinctly 
inferior to the equally simple auscultatory method. 

Oscillatory. — If, after raising the pressure in the arm-band high enough 
to occlude the brachial artery and then slowly allowing the pressure to 
fall, one watches the mercury manometer, one is usually able to see very 
faint oscillations of the top of the mercury column. These are due to 
the brachial pulse impinging from above upon the occluding air-bag. 
As the pressure in the bag falls a point is reached at which these tiny 
oscillations suddenly become more marked: this is due to the passage 
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beneath the arm-band of the first pulsations and maiics the point of max- 
imum pressure. As the pressure in the arm-band continues to fall, 
the oscillations of the mercury become more marked and reach their 
maximum at the point of diastolic or minimal pressure. Thereupon they 
again decrease rapidly in amplitude. In the more delicate sphygmomano- 
meters of Ehrlanger, v. Recklinghausen and Pachon, these differences 
are more marked and more readily recognized than in the simple instru- 
ments of Janeway, Stanton and Faught ; in the instruments of Ehrlanger 
and Uskoff the fact that the pulsations are registered graphically reduces 
the personal factor to a minimum. There can be no doubt that, in these 
better instruments, this method represents the best means for accurately 
determining the minimal pressure. The point of maximal pressure cannot 
always be so accurately made out by this method. 

Auscultatory. — For routine clinical work, the auscultatory method of 
Korotkow is at once the most convenient and the most accurate. If the 
arm-band is inflated to a point above the maximal pressure and the 
bell of a stethoscope is placed over the cubital artery in the bend of the 
elbow, nothing is heard. As the pressure is now slowly allowed to fall, 
a knocking sound, synchronous with the heart-beat, is heard over the 
artery as soon as the maximal pressure is reached. This sound is evi- 
dently due to the sudden distension of the walls of the empty artery 
by the first jets of blood that pass below the occluding arm-band. As 
the pressure falls, this knocking sound grows louder, is then often 
replaced by a murmur, which again gives place to a knocking sound 
similar to the first. This last sound then suddenly diminishes in intensity 
and, after a further fall of a centimeter or so, ceases entirely. Miss 
Allen and Mr. Engle, in the study of the blood-pressures of thirty-five 
patients in the Johns Hopkins Hospital, compared this method with the 
results obtained with the Ehrlanger instrument. They found that the 
minimal pressure corresponded very accurately with the entire disappear- 
ance of all sounds, a view which is shared by most of those who have 
studied this question. A number of observers, among them Fischer, 
Lang and Manswetowa and Hoover, hold that the point of diastolic 
pressure is to be found at the instant when the second knocking sound 
suddenly diminishes in intensity. Our own observations lead us to con- 
sider this latter view the correct one, but the entire subject clearly re- 
quires further study. 

We may say then that the palpatory method is useful chiefly for the 
determination of the maximal blood-pressure, and the oscillatory method 
for the determination of the minimal blood-pressure. The ausculatory 
method, on the other hand, is equally useful for both. 

Goodman and Howell have made a careful study of the sounds heard 
over the cubital artery during the auscultatory determination of blood- 
pressure, and have arrived at some interesting conclusions. Following 
Ettinger they distinguished five phases : first, "a loud, clear-cut snapping 
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tone (the first phase), which is followed by a second phase, consisting 
of a succession of murmurs; the third phase begins with the disap- 
pearance of the murmurs and the appearance of a tone resembling in 
a certain degree that of the first phase, but less well marked, which soon 
becomes less clear in quality (dull) the fourth phase, and is followed 
by the disappearance of all sounds, the fifth phase." They consider close 
observation of the succession of these sounds in a given patient valuable 
not only for the determination of systolic and diastolic blood-pressure, 
but also, in certain cases, for the diagnosis of the nature and extent 
of the cardiac lesion. Thus in aortic insufficiency there is no fifth phase, 
the peristence of the snapping tone being almost pathogfnomonic. In 
arteriosclerosis with cardiac hypertrophy, the second and third phases are 
prolonged (high pulse pressure) ; where there is no such prolongation, 
in this condition, the heart has become relatively incompetent. When 
failure of compensation sets in, the second phase is the first to suffer, 
not only by a decrease in the range through which the murmur is heard, 
but also by an impairment of its intensity. The third phase is the next 
to be affected by an encroachment of the fourth phase, which is corre- 
spondingly lengthened, an indication of severe incompetence. Organic 
and functional cardiac derangements may be distinguished by the oc- 
currence of variations in the intensity of successive murmurs and tones, 
or even by an alternation in the order of their occurrence : features char- 
acteristic of functional rather than organic cardiac derangements. Tornai 
reported similar observations, somewhat over a year ago. He believes 
that this method affords us the best means of estimating the functional 
capacity of the heart. 

It is generally assumed that, at the point of maximal or systolic blood- 
pressure, when the constricting arm-band just prevents the passage of 
the pulse, the artery is entirely occluded. Benczur, after deterimning the 
maximal pressure simultaneously, in the same arm, with a Riva Rocci 
arm-band and a Gaertner tonometer, concludes that this is by no means the 
case. The so-called maximal pressure, he maintains, suffices to prevent 
the passage of the pulse, just as do the capillaries, but leaves the artery 
still patent. A considerably higher pressure is required completely to 
occlude the artery. From a comparison of these two pressures, he de- 
rives conclusions, in cases of heart disease, as to the degree of cardiac 
compensation. Benczur's observations are interesting and important, if 
true, but require confirmation. 

In this connection the interesting observations of Hoover deserve 
mention. While not decrying the value of instrumental determination 
of the blood-pressure, he calls attention to the fact that the older methods 
of direct palpation of the artery do not deserve the neglect into which 
they have fallen. While it is true, that palpation of the radial gives 
results that are untrustworthy, this is merely because the radial is too 
small a vessel. If a large superficial artery, such as the femoral artery. 
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be palpated a trustworthy impression of the lateral pressure in the ab- 
dominal artery is readily obtained. This simple little manipulation de- 
serves a place in every routine physical examination. With a little prac- 
tice. Hoover maintains, the clinician should be able so to estimate the 
arterial pressure within 10-20 mm. 

Bux)D- Pressure* IN Health. 

In general it may be said that the average blood-pressure increases 
with advancing years. The limits in normal individuals at rest are us- 
ually taken as systolic, 110 to 135 mm.; diastolic, 60 to 90 mm.; pulse 
pressure, 30 to 45 mm. At all ages, 160 mm., or over must be regarded 
as pathological; in younger people, somewhat lower pressures may be 
so considered. 

Woley has measured the arterial pressure in 1,000 healthy persons 
varying in age from fifteen to sixty-five. Five physicians shared in this 
task and each record was checked by the use of two different instruments. 
The ''average high*' pressure was obtained by averaging the highest 
15 per cent, of records; the "average low" pressure by a similar treat- 
ment of the lowest 15 per cent. 

"With this explanation, the results reached after a study of 1,000 
blood-pressures are as follows: — 

The nverage blood-pressure for males at all ages was 127.6 mm. 

The average blood-pressure, for females, at all ages, was 120 mm. 

By taking them In groups, first, from ages 16 to 80, the average blood-pressure 
was 122 mm. An average high blood-pressure of 141 mm., and an average low 
of 108 mm. 

Second, those from 30 to 40 years of age gave an average blood-pressure of 
127 mm. An average high of 148 mm., and an average low of 107 mm. 

Third, those from 40 to 60 years of age gave an average blood-pressure of 130 
mm., an average high of 146 mm., and an average low of 118 mm. 

Fourth, those from 60 to 60 years of age gave an average blood-pressure of 
132 mm., an average high of 149 mm., an average low of 116 mm." 

It will be seen that "there is a gradual rise in the blood-pressure as the 
years advance. There is also a corresponding rise in the high and low 
averages. It can be readily seen that between 50 and 60 years of age 
a man giving a blood-pressure of 145 mm. could undoubtedly be accepted 
without further question, while a man under 30 years of age giving the 
same blood-pressure would present a case for further study and investi- 
gation. 

In regard to women, it will be noticed that the average blood-pressure 
at all ages was 120 mm., about 8 mm. below the average in males at all 
ages. There is practically the same ratio of increase in blood-pressure 
in women as in men at the same age. In women it averages 8 points 
below the men." 

Seiler has investigated the normal pressures in children and comes to 
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the following conclusions. At the age of two to three years the systolic 
pressure is 80 mm., from which it rises gradually till at sixteen to seven- 
teen it reaches 110 to 120 mm. In children of the same age, the pressure 
varies also with height and body weight. Sex makes no difference. 

One important source of error, inherent in all blood-pressure determin- 
ations, must never be forgotten. As has long been known, and as 
Schrumpf and Zabel have recently shown in detail, various psychic in- 
fluences may cause a temporary rise of blood-pressure, sometimes of a 
very considerable degree. Thus the pain caused by the constricting arm- 
band, fear of the unusual procedure or of an unfavorable verdict from the 
physician, impatience at the undue duration of the test or even a dis- 
agreeable thought that may be occupying the patient's mind, may cause 
a temporary increase in blood-pressure. This increase will be most 
marked in neurotic individuals and may equally affect those with and 
those without a permanent hypertension. A lowering of the blood-pres- 
sure does not seem to result from psychic influences. If then, we find the 
blood-pressure normal or low, the psychic element may be neglected. If 
it is high, care must be taken to exclude this source of error. Of a 
number of differing observations on the same patient, the lowest ones 
will most nearly represent the true value. This psychic disturbance 
can best be eliminated by establishing a proper understanding between 
patient and physician, and by completing the test with as little delay as 
possible. 



Hypertension. 

While a number of practitioners, who are making frequent use of 
the sphygmomanometer for the purpose of detecting the presence of 
hypertension, is ever increasing, the prevalent notions regarding the real 
significance of this phenomenon are very vague. There is a widespread 
belief that hyperstension is in itself a disease, towards the relief of which, 
medical and other therapeutic measures must be directed. This is as 
much an error as it would be to consider icterus or albuminuria diseases 
in themselves. Hypertension is merely one manifestation of some un- 
derlying pathological condition, the recognition of which is essential 
for proper diagnosis and rational therapeusis. Another erroneous notion 
is the confusion between arteriosclerosis and hypertension. Recent work 
along this line has shown that abnormally high blood-pressure occurs 
in barely half of the cases of outspoken arteriosclerosis of the peripheral 
vessels, and that even in these cases it may be due to some other cause. 
Where the artery to be tested is very much thickened, the resistance of 
the arterial coat itself to compression must be taken into consideration, 
in estimating the significance of an apparently increased blood-pressure. 
This source of error may be detected or even eliminated by taking the 
blood-pressure in the other arm or in either leg. Arteriosclerosis never 
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affects all the arteries alike, so that in some of them the apparent blood- 
pressure will be nearer the real figure than in others. In such a series 
of determinations, the lowest pressures found will be nearest the true 
value. Moreover, it is astonishing how often we find pressures normal or 
subnormal in patients with greatly thickened or even calcareous arteries. 
The conditions responsible for the occurrence of hypertension may, 
following Rudolf, be conveniently grouped into five divisions: — 

1. Toxines that directly raise blood-pressure and at the same time 
have an injurious effect upon the arterial wall. Such are nicotine and 
the products of proteid decomposition in the intestine; 

2. Toxines that directly raise blood-pressure without injuring the 
arterial wall; 

3. Local disturbances of the circulation in the brain, kidneys or 
elsewhere, that lead to a compensatory rise in blood-pressure; 

4. High-grade neurasthenia; and 

5. Arteriosclerosis of the aorta and the splanchnic vessels. 

As regards the first group, its significance for the therapeutics of the 
condition is evident and will be considered more in detail later. Where 
the action of these toxines is long continued, the persistent hypertension 
caused by them will eventually lead to general arterio-capillary sclerosis. 
The patient then presents the picture of hardened arteries with hyper- 
tension, and the temptation is great to consider the latter as due to the 
former, whereas the reverse is actually the case. 

In connection with the second group, the toxemias of pregnancy 
especially require consideration, one of the earliest and most constant 
signs of these conditions being a rise in blood-pressure. For the last five 
years. Starling has made it a rule to take the blood-pressure as often 
as possible of every pregnant woman under his care, especially during 
the last two months of pregnancy. In spite of the conclusions arrived at by 
Vogeler and other writers, Starling is convinced that, during the whole 
period of normal pregnancy, the blood-pressure is normal — that is, from 
110 to 120 mm. Hg. Any rise of blood-pressure above 125 mm. 
would make him suspect that the pregnancy was not quite normal and 
would put him on the lookout for some degree of toxemia. 

Hirst has obtained similar results, the pressure in 100 normally preg- 
nant women averaging 118 mm. Hg. during the first seven and a half 
months and rising to 124 mm. towards the end of pregnancy. In women 
showing evidence of toxemia, however, the picture changes. The blood- 
pressure, in thirty-nine women with eclampsia and eighteen who 
did not have eclampsia, but had marked albuminuria at the time 
the first examination was made, was at its lowest 142 mm. Hg. 
The highest blood-pressure recorded in a woman without eclamp- 
sia was 192 mm. ; the highest in an eclamptic was over 320 mm., the mer- 
cury running out of the top of the tube before a sufficient pressure was 
obtained to shut off the pulse. 
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Green concludes from his studies of puerperal toxemia that "eclampsia 
is a toxic condition dependent primarily on the development of the fetus, 
manifesting itself by general and renal signs. This may be of varying 
grades, impending or mild, acute or severe, and fulminating or fatal. 
Each grade presents a definite clinical picture and is associated, the first 
with a moderate, the second with a marked, the third with an extreme 
increase of blood-pressure. In the first two the symptoms disappear and 
the blood-pressure falls after delivery. In the last the blood-pressure 
rises and the disease progresses to a rapidly fatal termination. The 
blood-pressure seems definitely related to the type of case, and its ob- 
servation should be of value in prognosis and treatment." 

The third group includes those cases of increased intracranial pressure, 
cerebral arteriosclerosis, beginning interstitial nephritis and the like in 
which an increased blood-pressure is indispensable for the adequate supply 
of blood to these vital organs. Here an attempt at medicinal reduction 
of the blood-pressure might have serious results if, fortunately, it did 
not almost always fail of the desired effect. The mechanism by which 
hypertension is maintained in these conditions is still obscure. The ex- 
periments of Alwens are of interest in this connection. He enclosed, 
one kidney of a cat in an oncometer which communicated, on the one 
hand, with a pump and, on the other, with a mercury manometer. As 
soon as pressure was exerted upon the enclosed kidney, the animal's 
blood-pressure rose promptly, to fall again when the pressure was re- 
leased. This phenomenon occurred even when all of the kidney's nervous 
connections were severed, so that it must, at least in part, have been 
purely mechanical. The rise observed was, however, far less than that 
observed in human beings with interstitial nephritis, so that in this con- 
dition a variety of factors is probably responsible for the hypertension. 

The hypertension of neurasthenics has already been discussed. It is 
very variable and dependent upon psychic influences. In any concrete 
case the true significance of an observed hypertension can never be 
determined unless this source of error has been eliminated. 

Sclerosis of the aorta and of the splanchnic vessels may, it is true, 
lead to a compensatory hypertension on account of its interference with 
the function of the kidneys and of other vital organs. Ordinarily, how- 
ever, arteriosclerosis is a result rather than a cause of hypertension. 
A striking illustration of this fact is to be found in the result of re- 
peated injections of adrenalin into rabbits. The persistent hypertension 
that results from these injections is soon followed by generalized arterio- 
sclerosis. Clifford Allbut classifies cases of arteriosclerosis from the 
etiological point of view as follows: — 

1. Arteriosclerosis resulting from high blood-pressure; 

2. Infectious and toxic cases; and 

3. A senile group. 

In the second and especially in the third group, hypertension is often 
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absent or is at least a late complication. Where the arteries of the ex- 
tremities are greatly thickened, a certain allowance must be made for this 
factor, in estimating the true blood-pressure (according to Herringham, 
3-34 mm. Hg.), and in such cases a real hypertension cannot be assumed 
unless a hypertrophy of the left ventricle can be demonstrated. 

Besides the persistent hypertension discussed above, a number of cases 
of paroxysmal increase in arterial pressure have been recently reported. 
Thus Barker describes a case of tabes dorsalis in a woman, in which the 
blood-pressure rose during a gastric crisis to 220 mm., the diastolic 
pressure being 190 mm. The crisis lasted seven days, the blood-pressure 
remaining high during the entire period, except when temporarily de- 
pressed by amyl nitrite. With the cessation of the crisis, the pressure 
dropped to 120 mm., and there remained. Petren has observed 2 cases 
of aneurysm of the aorta, in which cardiac asthma seemed to be pre- 
ceded by an abrupt rise in blood-pressure, this being followed by an 
acute edema of the lungs. In a case of interstitial nephritis, the same 
phenomenon occurred, the pressure rising to 240 mm. during an attack 
of asthma and dropping to 180 mm. at its close. He believes that the 
acute rise in blood-pressure is the cause of cardiac asthma, the distension 
of the insufficient left ventricle being of subordinate importance. The 
entire subject of paroxysmal hypertension deserves further investiga- 
tion, which may throw much light upon the pathology of the circula- 
tion. 

In the cases referred to above, however, it is by no means certain 
that the hypertension was not due reflexly to the pain or discomfort under 
which the patients were laboring. 



Treatment of Hypertension. 

Since hypertension may be a manifestation of any one of a considerable 

number of pathological conditions, it is evident that a rational therapy 

must be based upon a recognition of the underlying cause. The fact, 
however, that the products of proteid decomposition in the intestine tend 

to raise the blood-pressure when absorbed, justifies a dietetic treatment 
of hypertension, even though factors outside the digestive tract are 
chiefly responsible for the condition. Such patients should tend to a 
milk and vegetable diet. Soups and gravies, since they are pecu- 
liarly rich in pressor substances, should as Oliver points out be entirely 
excluded from the dietary. Meats, of which most of us consume an un- 
necessarily great amount, should be reduced in quantity. Many patients 
thrive and are comfortable on an entirely meat- free diet ; others, as Elliott 
points out, feel the withdrawal of meat keenly and for them a too rigid 
regimen would mean great discomfort. The reduction of the amount of 
meat taken by such patients to a small portion once or twice daily would 
probably be better than its complete withdrawal. Boiled meat, since most 
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of its extractives have been dissolved out, may be given more freely 
than if otherwise prepared. Vegetables, fruits, starches, sugars and fats 
may be given freely. The amount of salt used should be reduced to the 
minimum consistent with palatability ; if there is edema, the diet should 
be nearly salt-free. Fluids may be given freely unless there is cardiac 
embarrassment, in which case they should be restricted. Alcohol, coffee 
and tea should be forbidden or reduced \o a minimum, and the favorable 
effect of an entire withdrawal of tobacco is often striking. 

Excesses of all kinds, muscular, mental, dietetic and venereal must be 
avoided, although individual differences are great in this respect. In 
general, a sudden severe exertion, such as running after a street-car 
is more dangerous than more prolonged, but milder exercise. 

Hydrotherapeutic measures are often useful. Warm baths may be 
given freely. Severe sweating procedures, as Miller and others have 
shown, are peculiarly effective in reducing high blood-pressure; they 
must, however, be used with caution if the cardiac function is impaired. 

The drug treatment of hypertension is not often indicated. In view 
of the fact that a high blood-pressure is often a compensatory affair, 
it is perliaps fortunate that our depressor drugs are relatively inefficient. 
The action of the various nitrites has been studied by Wallace and 
Ringer, Miller, Core and others. Amyl nitrite and nitroglycerin produce 
a rapid and considerable, but fugitive, fall in pressure; the action of 
sodium nitrite is slighter, but more persistent. Erythrol tetranitrite is 
the most effective, but its value is greatly impaired by the intense head- 
ache it causes. The clinical place of the nitrites is in those cases of ex- 
cessive hypertension, in which it is clear that the high blood-pressure 
itself is producing disturbances. Their action in all cases should be 
carefully watched. 

Among less known drugs, used for the reduction of high blood-pres- 
sure, vasotonin, a combination of urethan and yohimbin, is advocated by 
Fellner and Staehelin, and guipsine, a glucoside obtained from the mis- 
tletoe, by Williamson. 

Low Blood-Pressurk. 

Infectious Diseases, — The acute infectious diseases are commonly ac- 
companied by low pressure, which in most of them requires no treatment, 
sometimes as in the case of typhoid fever being even a conservative 
factor. In others, as in pneumonia where the chief danger to the patient 
is cardiac weakness, the systematic taking of the blood-pressure is of 
value, since it gives us the earliest intimation of impending heart failure. 
Gibson holds that a "pressure appreciably below normal in pneumonia 
is invariably of evil omen, and any considerable fall bodes disaster. When 
the arterial pressure, expressed in millimeters of mercury, does not 
fall below the pulse-rate, expressed in beats per minute, the fact may 
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be taken as an excellent augury^ while the converse is equally true." 
Hare has been able to corroborate this view. In any case in which the 
blood-pressure, expressed as above, falls to the pulse-rate, active stimula- 
tion must be instituted, and the call for such measures is far better de- 
cided by the sphygmomanometer than by our older criteria of the failing 
heart, since it enables us to institute treatment more promptly. 

In tuberculosis also the routine use of the sphygmomanometer is of 
value. Other things being equal, an abnormally low blood-pressure indi- 
cates an unfavorable prognosis, while a normal or somewhat high pressure 
justifies us in hoping for a good outcome. 

Hemorrhage. — ^Wiggers has carefully studied the blood-pressure during 
and after severe hemorrhage and finds the behavior of the pulse-pressure, 
that is the difference between systolic and diastolic pressure, of special 
significance. "A progressive decrease in the pulse-pressure and especially 
a decrease in the product of the pulse-pressure and the heart-rate indicate 
a continuance of the bleeding. An increase of both, if permanent after 
several determinations, indicates a cessation of hemorrhage. A tem- 
porary increase of both, followed by a marked decrease on subsequent 
examinations, indicates an exacerbation." Wiggers has tested these rules 
both clinically and on animals and finds them very uniformly to hold true. 

Hypotension after Salvarsan. — Sieskind finds that a fall in blood-pres- 
sure occurs constantly after the intravenous administration of salvarsan, in 
the usual dosage. In patients with normal hearts this fall in pressure 
is never so great as to endanger life. He considers it doubtful, however, 
whether we are justified, as advised by Weintraud, Geronne, Grassmann 
and others, in administering salvarsan for luetic disease of the circula- 
tory apparatus. The cases of heart collapse after the injection of sal- 
varsan, recently reported by Spiethoff, should make us very cautious in 
administering this drug to patients with impaired hearts. Salvarsan, he 
thinks, is definitely contraindicated in cases with a very low blood-pres- 
sure. 

Aortic Regurgitation. 

The only valvular lesion in which blood-pressure determinations give 
any diagnostic information is aortic regurgitation. In this condition, 
the diastolic pressure is very low as compared to the systolic, resulting 
in a high pulse-pressure. The latter may represent 50 per cent, of the 
systolic pressure. Hill has pointed out another phenomenon character- 
istic of this lesion. Normally, in a patient lying prone, the pressure, in 
the brachial and in the femoral arteries, is practically the same. In 
aortic regurgitation, however, the blood-pressure in the leg is constantly 
and considerably higher than in the arm, an observation which Hill con- 
siders pathognomonic of the disease. Hare has been able fully to confirm 
these findings. 

Metropolitan Building. 
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THE RELATION BETWEEN BLOOD-PRESSURE AND BAROME- 
TRIC PRESSURE, ESPECIALLY IN PULMONARY 

TUBERCULOSIS. 



By J. L. PoMKROY, A. B., M. D., of Monrovia, Cal. 



Since the publication in August, 1908, of L. S. Peters'^ observation 
showing that blood-pressure was higher in pulmonary cases at an alti- . 
tudfe of 6,000 feet than at sea-level, so far as I can find, no verification 
or refutation of his work has appeared. The problem is an interesting 
one and deserves careful study. Barometric pressure, commonly included 
by the profession and the laity when they speak of weather variations in 
general, has received but little careful study with regard to its influence 
on blood-pressure. In a review of the literature, however, we find a com- 
paratively large field of influence attributed to barometric differences. 
Among these are uremia (Babcock^), heart disease, with distended right 
ventricle, pulmonary hemorrhage and various obscure metabolic dis- 
turbances. In many of these conditions the conclusions have rested upon 
general clinical observations without specific attempt to employ labora- 
tory methods. Much of the literature consists in speculative discussion. 
The value, therefore, of a series of accurate observations on blood-pressure 
is very important. These observations, however, must be interpreted 
with care. 

It must not be concluded that the chief value of the altitude treatment 
of tuberculosis rests in a certain influence upon blood-pressure, unless 
those observations are sufficient in number and sufficiently controlled to 
exclude every element of error. The observations of Peters are not in 
accord with the best of similar records on healthy people, hence a re- 
sume of this work is necessary in order to correctly determine the facts. 

It is first necessary to consider the opinions of different writers in regard 
to the effect of altitude upon blood-pressure. Peters states "blood-pres- 
sure is higher here (Silver City, N. M.) than at lower altitudes or at sea- 
level." Smith^ at Fort Stanton, 6,200 feet, states "it has been scienti- 
fically established that blood-pressure is lowered with increased altitude." 
Smith finds that pulmonary hemorrhage is not more frequent at high 
altitude than at sea-level, but the results are more often serious and es- 
pecially in those with impaired circulation. Of 42 autopsies in hemor- 
rhage cases, no less than 17 showed some form of serious cardiac disease. 
Here, then, may be the connecting link between the effects of barometric 
change and hemorrhage. Bullock* agrees with Peters that altitude raises 
blood-pressure in tuberculosis. 
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The bearing of pulmonary hemorrhage upon the problem of altitude 
and blood-pressure is an important one, but it cannot be entered into here 
as the problem is complex in itself. The general conclusion must be 
that sudden changes in barometric pressure are responsible in part for 
blood-spitting. The facts, however, must be studied in regard to humidity, 
velocity of the wind, temperature and other atmospheric factors. At 
least one worker in high altitude finds hypotension in pulmonary tuber- 
culosis, but does not give his readings (Bonney*^). We therefore pass 
on to the consideration of the results of blood-pressure readings in high 
altitude upon normal people. First, we consider the readings upon normal 
people who have lived in a high altitude for considerable time, and then 
we will show the results of a change from high to low altitude upon the 
blood-pressure. 

Gardiner and Hoagland' at an altitude of 6,000 feet measured a large 
number of individuals who have lived in Colorado for over a year, and 
came to the conclusion that blood-pressure was slightly lower than that 
given as normal for sea-level. They also show that prolonged residence 
in that altitude does not raise the blood-pressure. 

Experiments made to show the effect of ascent from 6,000 feet to 14, 
000 feet gave results which warrant the conclusion that this ascent 
lowered the pressure and increased the pulse. The fall which took place 
in this experiment in three and a half hours was not a transient one, for 
examination of employees who lived for a considerable time at the sum- 
mit of Pike's Peak showed lower tension than at sea-level. Their con- 
clusions were that the effect of high altitude was to lower blood-pressure, 
that this result was a permanent one and that it was highly probable 
that the effect on the right side of the heart, the venous system and 
the capillary blood vessels on the surface of the body was that of 
dilatation. It might be said here that as the condition of dilatation 
exists to a considerable extent in pulmonary tuberculosis, one cannot see 
how a further dilatation would be at all beneficial, if the good results 
of altitude were to be ascribed to changes in blood pressure. 

Sewall's observations'' upon the venous pressure, in Denver, show a 
positive increase at an elevation of one mile as compared with sea-level. 
Oliver® finds that the venous pressure decidedly increases in going from 
London to Arosa (5,800 feet). 

The conclusions of Schneider and Hedblom® are very clear and em- 
phatic, and their experiments were performed with unquestionable ac- 
curacy : — 

1. A considerable elevation in altitude tends to lower systolic and 
diastolic B. P. and to increase the rate of heart-beat. 

2. The fall of systolic pressure is slightly greater and more certain to 
occur than the fall in diastolic pressure. 

3. A rise in diastolic pressure occurs in some individuals. 

4. The influence of such factors as psychical states, eating and ex- 
ercise, may obscure the influence of altitude on B. P. 
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5. The fall in B. P. and increase in heart-beat is most marked in the 
early part of the residence in higher altitude. 

6. On a prolonged stay in higher altitude the heart-rate probably re- 
turns more nearly to the normal than the B. P. 

7. Higher altitudes do not affect to the same degree the B. P. of 
all individuals. 

8. Small elevation in altitude does not appreciably influence the B. P. 

9. Those individuals most affected by high altitude seem to sustain 
the greatest fall of systolic B. P. and the greatest acceleration in the 
rate of heart-beat. 

10. The heat of the summer season probably accelerates the pulse- 
rate. The average fall in systolic pressure varies between 0.8 and 21.9 
and the diastolic between 0.9 and 11 mm., and the pressure tends to fall 
as the pulse-rate increases at the high altitude. (See table for review of 
literature.) ^ 

To recapitulate, we have shown that B. P. readings are of importance 
as relating to altitude from the standpoint of renal adequacy, cardiac 
action, pulmonary tuberculosis, pulmonary hemorrhage, and from an ex- 
perimental view — ^viz., to supply data for associated studies, mountain 
sickness, metabolic studies and similar research work. It is established 
that the effect of altitude is to lower blood-pressure, especially the systolic 
in normal individuals, that this occurs soon after reaching an area of 
low pressure and is not transient, but is shown in old residents. Having 
established these facts, we will take up the relation which pulmonary 
tuberculosis bears to them. 

Peters' results are at variance with the summary of the observations 
as given, and it now is necessary to analyze his records. He made obser- 
vations in 100 cases of pulmonary tuberculosis treated at an altitude of 
6,000 feet. 

TABLE SHOWING RESULTS OF ALTITUDE EFFECTS ON BLOOD- 
PRESSURE. 



ObBerver and Date. 


Barometric reduction 


Result on B.P. 


Bert,io 1878 


Pneumatic cabinet 


Slight diminution. 




Frankel and Geppert,ii 
1883 


Pneumatic cabinet 


Rise eaual to 20 mm. 






Lazarus and Schyrmun- 
ski,i2 1883 


Pneumatic cabinet 


Fall of 15 mm. on reducing 
pressure one-half. 






Mosso.13 1905 


Pneumatic cabinet 


Slight fall. 






Liebig,i4 1896 


Pneumatic cabinet 


Reduction in 2 cases. 
Increase in 2 cases. 






DIetrlck,i5 Sommerbrandt, 
Schrelber 


« 

Pneumatic cabinet 


Slight increase. 


Camus.i6 1903 


Pneumatic cabinet 


^wered. 






Cowan,i7 1904 


Pneumatic cabinet 


Increase. 






Crlle,i8 1903 


Pneumatic cabinet 


Decrease. 






Bartlett,i» 1903 


Pneumatic cabinet 


Decrease. 






Gorbatscliew,20 


Altitude 


Increase of about 35 mm hg. 
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Observer and Date. 


Barometric reduction 


Result on B.P. 


Mosso, 1898 


16,000 feet 


No change. 


OliTer.21 1901 


6,800 


Transient increase. 






Gardiner and Hoagland, 
1904 


6,000 
14,000 


Lowered. 
Lowered. 


Schneider and Hedblom... 


1,700 ft 
2,000 
9,000 
14,109 


Decrease both systolic and 
diastolic. 


Liortet, Friedlander and 
Herter,22 

Conway. 1894 


3,000 m. 
Altitude 
Altitude 
Altitude 


Lowered. 

Raised. See 

Lowered. Huggard's 


Kronecker, 1903 


Lowered. Handbook 



We Avish to state first that unquestionably his readings are high, a 
comparison between his averages and normal values at the same altitude 
showing that they are higher than normal individuals. We wish to point 
out also some apparent inconsistencies in his paper: — 14 cases, which 
were apparently cured, showed on admission a pressure of 114 mm., on 
discharge 127 mm., a gain of 13 mm. The pressure of 51 third-stage 
cases showed 124 mm. Hg., only 3 mm. lower than his apparent cures 
at discharge. These cases show also a difference of 1 mm. from second- 
stage cases (26 cases=126) and 1 mm. lower than 23 first-stage cases. 

PETERS' CASES— COMPARISON OP GENERAL TABLE. 

Apparent Cures. Third Stage. First Stage. Second Stage. 

Number cases, 14 61 28 26 

B. P. on admission, 114 Average B. P. 124* 128.2 126.7 

B. P. discharge, 127* (42 male 127) 

(9 female 119.1) 
Average increase, 13. 

•c.f. 



Analysis of these 14 cases shows that of the first-stage, 9 were ap- 
parently cured. These 9 on admission showed a B. P. of 116 mm. Hg. 
(whereas in his general table of 23 first-stage cases, the average pressure 
was 128.2; male 127.3; female 129.1). On discharge the average pres- 
sure was 128 mm. Hg. Again, of these 9 cases, 2 gained nothing, remain- 
ing stationary. One gained 1 mm., one gained 2 mm., one gained 8 mm., 
the remaining four gained 100 mm., averaging 25 mm., and thus raising 
the averages for the others. This shows that one cannot draw any con- 
clusions from small groups of cases, as the individual variation plays too 
great a factor. The remaining five in the group gained only 11 mm., 
thus making an average gain for them of a little over 2 mm. Hence, 
out of 14 apparent cures supposedly under the influence of a pressure 
raising force, of the total gains made, five made less than 3 mm. and 
four made phenomenal gains, — each about 25 mm. Even then the average 
for 9 cures is only 3 mm. higher than that for the third-stage cases, 
only 1 mm. from the first-stage cases, and only 2 mm. from the second- 
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stage cases. According to this, apparent cures may show the same 
B. P. as third'-stage cases, in fact differ but little from the averages of 
second, third and first-stage cases. Of the cures made from the second and 
third groups, the pressure on discharge showed lower values than his 
averages for first-stage cases. It is difficult to cwnment on these results, 
for either our classification is entirely inadequate, or one should not at- 
tempt to interpret blood-pressure readings on the basis of classification 
at all. 

Analysis of Peters' Tables. 

Improved Cases. 

No. of 
Stage Cases 

I. 3 Average on admission 124 mm. — discharge 131 — ^gain 7 mm. Hg. 

II. 11 Average on admission 110 mm. — discharge 129 — gain 19 mm. Hg. 
III. 18 Average on admission 114 mm. — discharge 126 — gain 12 mm. Hg. 

In the second-stage cases one gained 34 mm., one 30 and two 22. 
Pour cases gained 108 mm. If we eliminate these cases from the table as 
being abnormal values (the case making the largest gain had a pressure 
of 96 on admission and 130 on discharge), the average is 119 on ad- 
mission, 126 on discharge=gain 7 mm. instead of 19. 

The third-stage cases show also abnormal value, 32-34-42 mm. (98- 
140, case 64) a gain of 108 mm. for 3 cases. Again, if we 
eliminate these 3 cases, Nos. 42-64 and 100 — we find 15 cases averaging 
1 16 on admission — 125 on discharge, a gain of 9 mm. — as against 12. 

Arrested Cases. 

No. of 
Stage Cases 

I. 7 Average on admission 125 mm. — discharge 133 — ^gain 8 mm. Hg. 

II. 6 Average on admission 114 mm. — discharge 128 — ^gain 14 mm. Hg. 

III. 17 Average on admission 117 mm. — discharge 132 — gain 15 mm. Hg. 

Here again, if we eliminate case 86 (88-112) which shows a gain of 
24 mm. we get a reduction to 5 mm. gain, instead of 8. Surely any table 
to prove scientific data should stand the test of dropping one case without 
altering the relative values. 

In the second-stage cases, case 21 (104-134) shows an unusual gain 
of 30 mm. and has a marked influence on so small a group. Eliminat- 
ing it, reduces the gain to 11 mm. instead of 14 — as stated. 

In the third-stage cases making an arrestment, we have one in par- 
ticular, case No. 46, 130-172, makes a gain of 42 mm. Besides this 
we find two gain 20, one 26, two 16 and one 17 and one 18 — a total 
of 8 cases=:175 mm., an average gain of about 21 mm. — ^third-stage 
cases. The minimum pressure in this gain-making group is 100 (case 74, 
admission and discharge pressures, 100-126). The average admission rate 
for these 8 cases is 116 mm. Hg. If, now we eliminate these 8 cases from 
this group, we find 9 cases with an average admission rate of 119 mm., 
and discharge at 128, giving 9 mm. as the normal gain. 
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These revised readings show then: — 

Improved Cases, 

No. of 
Stage Cases 

I. 3 Ayer. B. P. on admission 124 mm.-~di8charge 131 — gain 7 mm. Hg. 

II. 7 Aver. B. P. on admission 119 mm. — discharge 126 — ^gain 7 mm. Hg. 

III. 15 Aver. B. P. on admission 116 mm. — discharge 126 — gain 9 nun. Hg. 

Arrested Cases. 

No. of 
Stage Cases 

I. 6 Ayer. B. P. on admission 132 mm. — discharge 137 — ^gain 6 mm. Hg. 

II. 5 Aver. B. P. on admission 116 mm.— discharge 127 — gain 11 mm. Hg. 

III. 8 Aver. B. P. on admission 119 mm. — discharge 128 — ^galn 9 mm. Hg. 

Comparison of original averages and revised readings: — 

Improved Cases. 
Stage Gains Original Gains Revised Readings 

1 7 7 mm. Hg. 

II 19 7 mm. Hg. 

Ill 12 9 mm. Hg. 

Arrested Cases. 

1 8 5 mm. Hg. 

II 14 11 mm. Hg. 

Ill 15 9 mm. Hg. 



Progressive Cases. 




I. 


II. 


None 


105-96 



III. 

7 



109-105 



These cases were far below the average for third-stage values, even 
on admission, 109 — as against 123.5. 

Unimproved Cases. 

I. II. III. No Cases. 

14 2 7 



128-102 148-150 148-138 

As can be seen, these cases were admitted with high tension, and in 
the cases of the second and third stage the values are very high, that is 
suggestive of nephritic conditions. It does not seem possible that cases 
of pulmonary tuberculosis will run such a pressure without serious com- 
plication — ^thus not due to the toxine of the tubercle bacillus. These 
values are very high even for normal people. Nothing is given to clear 
up these questions. Note the high values for third-stage cases. 

Having shown some of the discrepancies in Peters' table for admission 
and discharge cases, we now take up the consideration of the general 
table. Our own studies were made with Stanton's and Janewa/s in- 
struments, using the 12 cm. cufF. All readings were taken in the sitting 
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position, between the hours of 9 and 11 a. m. We divide our studies 
in two groups: — One based on the careful work done by Pottenger^ 
in investigating the effect of tuberculosis on the heart; the other on an 
analysis of the cases examined since the publication of his article, and 
not included in that report. I have taken Peters' general table No. 1 and 
separated the cases into groups for the purpose of comparison: — Stage 
I., male and female; Stage II., male and female; and Stage III., male 
and female. I wish to emphasize the observations of Pottenger calling 
attention to the palpability of the radial arteries, also the effect of the 
changes in the heart muscle in its relation to the B. P. These observa- 
tions accord well with Thayer's^* upon old typhoids, — of 4,000 cases ex- 
amined at Johns Hopkins Hospital, the highest per cent, of palpable 
radials were found among cases with a history of heavy labor (57.6 per 
cent.). Next is alcohol (46.8 per cent), and among the acute infec- 
tions rheumatism came first (34.6 per cent.) and typhoid second (26.3 
per cent.). Other infections were subordinate. The B. P. was found 
to be higher in every decade among old typhoids, sclerosis of the aorta 
was common (52 of 95 cases) and the average heart larger. Statistics 
on syphilis and gonorrhea were unreliable from the nature of the an- 
swers. 

Peters' results on 18 cases with previous history of typhoid are not in 
accord with Thayer's work. The average pressure was 123 mm., which is 
less than the average for all cases. 

Pottenger calls attention very forcibly to the relation of the heart and 
arteries to the B. P. especially in third stage cases. This is shown here in 
the Table by comparing the pressure of cases showing myocardial change 
and those not so complicated. "Further analysis of these cases seems to 
indicate that these two factors, — thickening of the arterial walls and de- 
generation of the heart muscle,— are two very potent factors in modify- 
ing the blood pressure in tuberculous patients. * * Where myocarditis 
was not present those patients, who had palpable radials, had a B. P. 
of systolic 113 — diastolic 82, even higher than the pressure of the first 
and second-stage cases. In those of the same class, whose radials were 
not palpable, the B. P. was systolic 105, diastolic 83 ; making a difference 
of about 8 points in the systolic pressure, which seemed to be due to 
the condition of the arteries as determined by the radials." He further 
shows that cases with thickened radials show no increase if associated 
with myocardial changes. He suggests that this thickening, while help- 
ing to raise the B. P. in the early stage of advanced tuberculosis, may 
prove detrimental later, because of the increased strain put upon the 
heart. That we must look upon the efficiency of the heart and arteries 
as being of great importance in explaining the variations in B. P., cannot 
be gainsaid, since "myocardial change is present in some degree in prac- 
tically all cases of tuberculosis beginning very early as a h)rpertrophy 
of the right ventricle. Later through toxic action the muscle degenerates 
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and weakens." Here also we must remember that the contractions and 
adhesions ever present must cause additional mechanical difficulties in 
the way of proper functioning by the heart and vessels in the chest 
cavity. The venous stasis in the abdomen, due partly to deficient dia- 
phragmatic activity, is likewise a potent factor in bringing about cardiac 
embarrassment. In order to appreciate fully the meaning of blood- 
pressure records, we must take all these factors into consideration. 

TABI4B SHOWING COMPARISON OP PETERS' CA^ES AND OURS AND 
II,I,USTRATING THE EFFECT OF MYOCARDITIS. 



SUge 


Sex 


No. 
Cases 


Sys. B. P. 
Peters 


Pottenger 

No 
Myocard. 


Myocard. 
Present 


§ 

s 

8 

< 


•s 

CO 


Gain 


I Peters 


M 


17 


127.3 












I A 


M 


11 




112. 


none 








I B 


M 


14 








113. 


122. 


9 


I Peters 


F 


6 


129. 












I A 


F 


8 




109. 


none 


110. 






I B 


F 


6 




110. 




116. 


6 


II Peters 


M 


30 


126.4 












II A 


M 


8&1* 
9 




110.3 
107.6 


86.* 








II B 


M 


27 




107. 




107. 


111. 


4 


II Peters 


F 


6 


126.7 












II A 


F 


4 




116. 










II B 


F 


14 




107. 






121. 


14 


III Peters 


M 


48 


127. 












III A 


M 


48 






102. 










83 




110. 










in B 


M 


89 




114. 




114. 


121. 


7 


III C 


M 


16 






100. 




99. 


Died in 1 
year. 


lU Peters 


F 


9 


119.1 












III A 


F. 


28 






98. 








24 




107. 










III B 


F 
Early 
III Stage 


81 
18 
10 




110. 
109. 
111. 




110. 
109. 
111. 


117. 
117. 
122. 


7 

8 

11 


Total cases 




438 


100 


246 


87 









The letters A, B, C, refer to series of cases at Pottenger Sanatorium. 

On page 13 of Peters' article, he states "the difference in pressure in 
the three stages is so slight that we believe that the degree of involve- 
ment and the blood-pressure bear no relation to each other. However, 
that the B. P. tends to increase with improvement in the pulmonary con- 
dition is shown by General Table II." This belief is also expressed 
by Janeway. It would seem at first thought that this is an anomalous 
condition — ^yet it is a fact which only emphasizes the real unsatisfactory 
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basis upon which our classification rests. The classification at present 
used cannot possibly express the exact status of the patient, as it is so 
purely anatomical that for clinical purposes one gets all sorts of apparent 
contradictions. The classification does not point out clearly the amount 
of toxemia present. We may, and often do, have a greater toxic state 
present in a first-stage case than in more advanced conditions, yet I 
believe with careful scrutiny one can separate the individual factors to 
one's satisfaction. The confusion is more apparent than real. 

From a careful examination of these factors, one may state the follow- 
ing:— 

1. The blood-pressure bears a direct relation to the toxemia of the 
tuberculous patient. This toxemia may be greater in the patient who is 
in a primary anatomically-involved condition, than in a second or third 
stage. Hence this classification should rest upon the basis of toxemic 
state. One should eliminate from the first stage, considering the term 
broadly, all cases showing marked toxemia. Whether we can do so on 
the basis of the presence or absence of fever is questionable. By properly 
eliminating our cases in this way, one can intelligently interpret our 
results. '^ 

2. Again, one must group these cases according to the condition of the 
heart, whether myocardial changes have taken place, whether there is 
presence or absence of displacements, enlargements or atrophy, and me- 
chanical effects due to pericardial or pleural adhesions, viz., apical around 
the subclavian artery, etc. 

3. X)ne must again separate those cases showing the influence of pre- 
vious states, especially certain diseases causing arterial changes — syphilis, 
rheumatism, typhoid fever, etc. Also other influences having no con- 
nection with the tuberculous condition — occupation, nervous condition, 
psychic disorders, nephritis and similar factors. ^ 

4. The pathological states peculiar to the individual also require con- 
sideration — emphysema, enlarged bronchial glands, and other mediastinal 
conditions. Comparison of the two sides may reveal differences, which 
must be averaged. The presence of cervical rib (2 cases), and other 
unusual factors must be looked for. 

It is thus readily seen that if one attempts to estimate blood pressure 
under the classification usually adopted, it can only lead to confusion. 
On the other hand, by a study of individual cases, and placing them in 
similar groups, it is then possible to make comparisons and gain useful 
facts. 

Peters states "our results may be partly due to the stimulating eiffect 
of the dry mountain air, which increases the blood-pressure, through 
building up of the general circulation. The results of blood-pressure 
observations in our cases, far from being indicative of tuberculosis, 
would signify almost perfect health; in fact, as a diagnostic sign blood- 
pressure plays a minor role." There is no question that Peters' readings 
do compare very well with healthy individuals ; but is this as it should be ? 
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The results of the physiological experiments show that his readings 
are actually higher than in normal people at the same altitude. No matter 
how slight the lesion may be, in pure pulmonary tuberculosis, one can- 
not, from my experience, expect to find any influence upon the blood- 
pressure than depression; and barring other influences this depression 
occurs at the very earliest. From the data which has been brought out, 
Peters' comparison to the normal cannot but be overdrawn. Experimen- 
tal results with tuberculin show depression of the B. P. in most minute 
dosage. If variations take place they cannot certainly be taken as in 
any way controverting the rtile. 

Conclusions. 

1. The results of nearly all experimental data show that the effect 
of diminished barometric pressure upon the human organism is to lower 
the blood pressure. This result is not transient, but permanent. While 
the pressure may rise slightly it does not reach its former level. 

2. Whatever results to the contrary may have been obtained in pul- 
monary tuberculosis, must be ascribed to insufficient care in technique, 
to wrong methods of averaging readings ; therefore such results cannot 
be taken in any conclusive way. 

3. There is evidence to show that hemorrhage cases, especially those 
of fatal tendencies, occur most frequently in patients with cardiac and 
arterial disease, and that these cases are more fatal in higher than in lower 
•Altitudes. 

4. There is no reason to believe that patients make any greater gains 
in B. P. in higher than lower altitudes. 

5. Changes in barometric pressure, especially when sudden, bear a 
direct relationship to pulmonary hemorrhage, and probably may be ex- 
plained upon the basis of a sudden increase in intrapulmonary blood- 
pressure. 

6. The study of B. P. in pulmonary tuberculosis on the basis of the 
National classification, — L, II., and III. Stages — leads to incorrect con- 
clusions, and is eminently unsatisfactory. It is only by careful individ- 
ual analysis, regardless of classification that one can properly interpret 
blood-pressure readings. 

7. Especially desirable is it to study the condition of the heart and 
arteries in pulmonary tuberculosis, particularly from the standpoint of 
prognosis. 

8. It is important to take the B. P. in both arms and average the 
results, since there exists slight differences in the two sides, due partly 
to left- or right-handedness, and partly to apical adhesions about the large 
vessels. 

9. The chief influence of higher altitude upon the metabolism shows 
itself in chemical changes in the tissue fluids, and there is no evidence to 
show that there is any specific influence causing higher B. P. in the 
periphery. From a theoretical standpoint such a condition would not 
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only be undesirable, but would very likely lead to serious damage to the 
pulmonary circulation. 

10. The study of B. P. in pulmonary tuberculosis deserves further atten- 
tion, because of the great importance of the heart and arteries in this 
disease. 
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The student, considering the cause of death following severe trauma, 
or following laparotomy, and then turning to the bedside and seeing the 
fatal termination in typhoid and other septicemias, must observe that fre- 
quently the clinical pictures in all these conditions are much alike. Can 
the apathy, the pallor, the thready pulse and the sighing respiration in 
all these conditions be traced to one identical, original source? Much 
has been written upon this subject, and much can be learned from the 
opinions expressed. Let us first turn to the fatal depression following 
trauma or laparotomy — ^the typical surgical shock. 

The cause of this phenomenon has been much disputed. At first, 
many claimed that the heart was the great factor. Others considered the 
nervous system to be at fault, still others included heart and vessels, and 
finally Crile, whose work we all know, brought forward the idea that 
surgical shock was due primarily to failure of the vasomotor centre. The 
vessels lost their tone, the blood stagnated in the viscera, and the heart 
finally failed, for lack of work to do. Under these circumstances heart 
stimulants could be of no value — ^as he proved — and he looked for other 
means of supporting the circulation. The object in view was to find 
some means of forcing the blood engorging the viscera, out into the 
general circulation, and he now turned to mechanical means. Saline in- 
fusions theoretically should be ideal, as they should supply fluid for the 
still sound heart to work upon, but for some reason or other they did 
not prove as successful as might be expected. Still determined to find 
some agent giving tone to the vascular system, Crile used adrenalin 
and found in this a powerful drug, but its effects at best are only tem- 
porary, and when*it is stopped its value ceases at once. It must be given 
intravenously, continuously, and by the hour to be efficient, and this is 
almost impossible. Finally, when all the work was through, Crile decided 
that the very best means that he had of supporting blood-pressure for 
any continuous time was by bandaging the extremities, or better yet by a 
pneumatic suit, with which he could mechanically raise and sustain arterial 
tension sometimes 75 mm. of mercury. 

Not analyzing his results, but thinking only of the theory upon which 
they were based, the profession took to the use of intravenous infusions 
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which are practised indiscriminately even to-day, but a careful review 
of the work of Allport, Balloch, Kemp, Hare, Gushing, Eisendrath and 
Straus, and Bloodgood, brings out the fact that in severe shock infusions 
are worthless unless hemorrhage has been present. The tendency seems 
to be to use infusions less and less for the purpose of stimulation, and more 
and more for the purpose of flushing out toxines in toxemia and supplying 
fluid to the tissues in cases of dehydration as in cholera. An enormous 
amount of work has been done upon the subject, but experimenters have 
never gotten beyond the stage of adrenalin and the mechanical suit. 
Two advances, however, have been made. First, Locke's solution has 
been substituted for plain sodium chloride. Much experimental work 
has been done upon the toxicity of pure sodium ions, and the conclusions 
from experimental and clinical observations are that the sodium-calcium 
solutions are more beneficial. Secondly, Stewart and Pike working at 
the University of Chicago have brought out the point that cardiac action 
is dependent upon intracoronary pressure. When they perfuse the cor- 
onaries of an isolated heart with fluids at a pressure of 80 mm. of 
mercury, the heart starts beating. Crile at once takes advantage of this 
in his new scheme of resuscitation. Admitting that intravenous infusions 
of dilute adrenalin have not been attended with the happiest results, he 
injects the infusion into an artery and toward the heart. This wave of 
increased pressure is transmitted into the coronaries and the results are 
better than the older intravenous method. The latest texts on surgery 
recognize this scheme as valuable. 

Now, while all this work on therapy was being carried on, 
the principle upon which it was based, was being undermined. 
Malcolm in England, Porter and Quinby, and Seelig and Lyon 
in this country, have shown definitely that in surgical shock the 
peripheral vessels are contracted, not dilated, and that the vessels are 
still under nervous control. The work of the latter observers particu- 
larly, has been most conclusive, but they do not explain the fall in blood- 
pressure which invariably accompanies severe shock. And here the mat- 
ter stands. Until the recent work of Henderson of Yale, we may say 
that even after the enormous amount of work upon the subject, all we 
know about surgical shock is that it is accompanied by a fall in blood- 
pressure, that this fall is combated temporarily by adrenalin and more 
permanently by a pneumatic suit — and that intracoronary pressure is an 
essential to cardiac activity. 

Now let us turn to the medical side of the question. Here we have 
a toxemia, a poisoning of every part of the body, and the question as to 
the primary cause of death becomes more complicated. That there is 
a fall in blood-pressure in many severe infections, there can be no doubt, 
but whether this fall is due primarily to cardiac or to vasomotor weakness, 
or to both, is still not absolutely settled. The writings of Blake and 
Cornwall, particularly in regard to pneumonia, and of Secor rather em- 



120 GERSTLEY : SURGICAL AND MEDICAL SHOCK 

phasize the importance of cardiac weakness. On the other hand, Jane- 
way, Robinson, Broadbent, Miller, Worster, Williamson, .Sonnenkalb, 
Stowel, Hare, Howland, and Hirschfelder, either call attention to the 
fact that in many cases of death from septicemia, there are not sufficient 
pathological findings in the heart to account for this termination, or else 
they directly blame the failure of the vasomotor centre. Indeed they show 
that often in uncompensated heart trouble blood-pressure may be raised. 
Much experimental work has been done upon the subject. The pioneer 
researches of Romberg and Paessler go to show that in acute infections 
it is vasomotor failure that kills. The heart functionates to the last. 
Krehl examined quantitatively fatty changes in hearts from septic cases 
and found too little fat to markedly impede the work. Aschoff and 
Tawara, after examining hundreds of sections, concluded that many path- 
ological findings in hearts were artefacts. Hasenfeld and Fenevessy 
found that hearts poisoned with phosphorus were still capable of respond- 
ing to increased demands. Heincke showed that in peritonitis respira- 
tion failed first as it did in surgical shock. So the concensus of opinion 
is that in many fatal cases of medical disease, heart failure is not the 
primary cause of death, but is secondary to failure of the vessels. With 
this idea in view, identically as the surgeons were working, so did the 
medical men begin studying the effect of drugs upon blood-pressure, and 
like the surgeons, medical men were considerably disappointed. The 
work of Paessler and Miller experimentally, and of Cook, Stowell, Webster, 
Cabot, Brown, and Howland, all show that our well-known drugs, as 
alcohol, strychnine, digitalis, etc., are not as effective as was thought. 
Almost every observer has decided that some one drug is of value, usually 
caffeine or camphor, but the results are at such variance that nothing 
has been gained except to sh6w that vasomotor drug therapy is not a 
great success. Like the surgeons, the medical men tried infusions, and 
with similar results, and so still other means have been employed in com- 
bating the fall of pressure. Howland, after a most excellent review of 
the subject, finds that cold air is far more efficient in raising and sus- 
taining blood-pressure than is any drug. He finds children with pneu- 
monia have a pressure sometimes 15 mm. higher when out of doors than 
when in the ward, and thinks that this is the reason that the open-air 
treatment is more effective in winter than in summer. Webster, Osier, 
and Edwards value the bath highly, and Brown finds Nauheim baths in 
pneumonia of greater value than any medication. Interesting is it to see 
how medical thought runs parallel to surgical. Not satisfied with the re- 
sults of drug therapy, arguing on a basis of vascular failure, the profession 
has now taken to the use of adrenalin. The writings of Miller, Calderon 
and Floersheim in this country, and Falta and Ivocie, Haeberlin, John, 
Ed. KoU, Von der Velden, and Lichtwitz and Hirsch abroad, speak 
of the great value of this drug in elevating blood-pressure and thus sus- 
taining the heart, the only danger being in causing too great a rise of 
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pressure for the heart to overcome. Indeed, the infusions as a vehicle 
are given up, and the ordinary 1/1,000 extract is given either intra- 
venously, intramuscularly, or subcutaneously. The writers speak most 
highly of this drug and indeed there seems in these medical cases an 
unusual indication for it, for some recent work goes to show that in 
shock occurring in septicemias there is a deficient amount of adrenalin in 
the circulating blood. So to sum up then, in fatal medical, as well a& 
surgical, cases, death occurs at times when the heart does not seem at 
fault, and where the only explanation of the decreased vascular tonus 
has been in failure of the vasomotor centre. In combating this condition,, 
medication has failed, infusions have failed, and finally not satisfied, the 
profession has found the most powerful remedy in adrenalin. In surgery, 
as accessories, the pneumatic suit, bandaging and posture are employed, 
and in medicine, cold air and the bath. 

Until recently no absolutely satisfactory explanation of the fall in 
blood-pressure has been offered, since the disproving of the vasomotor 
theory. Now physiology steps forward with Henderson's acapnia theory. 
As this was recently reviewed in an editorial of this Journal, we shall 
just touch upon it. Henderson has shown that excessive breathing 
causes a marked diminution in arterial carbon dioxide, oxygen being 
unchanged. Now carbon dioxide is the natural stimulant of the respira- 
tory centre, and when it is removed in large amounts as in excessive 
respiration from pain, or by escaping from the abdomen during a laparot- 
omy, respiratory failure may occur. Indeed, this is the usual form of 
death in shock. In the great majority of Crile's experiments, respiration 
ceased first, while the heart continued beating for a short while, and 
many clinical observations bear out the same truth. However, if a 
second stimulus to respiration, as pain, is present, then the centre will 
functionate even if the carbon-dioxide content in the blood is insufficient. 
As a result secondary changes develop. Due to the acapnia — ^the dimin- 
ished carbon dioxide — changed osmotic conditions prevail in the cir- 
culation and sodium chloride and fluid leave the veins for the tissues. 
Consequently not enough blood is brought to the right heart, then comes 
a secondary fall in blood-pressure, though the vasomotor centre is work- 
ing its hardest to maintain tension, and finally the heart fails for lack of 
fluid to work upon, — ^not from vasomotor failure, but from venous fail- 
ure. Henderson has done a beautiful piece of work and his results are 
most convincing. 

This theory of venous failure, like the others, is not without some medi- 
cal equivalent. In 1906 Sewall wrote on the physiology of the veins, and 
remarked on the important factor in cardiac activity of high or low venous 
pressure. Indeed, forty years ago Fisher compared the depleted 
circulation in cholera to that in profound shock — in which intravenous 
infusions were only a temporary aid and then escaped rapidly into the 
tissues. In acute infections likely to end in shock there is retention of 
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salt and water, and Weselkin has shown that an atmosphere of 5 to 10 
per cent. CC)2 has considerable effect upon temperature. 

So we see that the new acapnia theor>' may be of some value to medical 
men. Indeed, Hirschfelder in his latest work upon the heart thinks the 
excessive breathing- in infections, from fever and toxemia, may be a 
factor worth considering. Is it not interesting to see how the advances 
in surgical and medical thought upon this subject have gone hand in hand 
for the last ten years ? Whether this new theory, like the use of adrena- 
lin, will perhaps become more useful to the medical than to the surgical 
profession, time only will tell. 
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THE USE OF RGENTGEN RAYS FOR EXAMINING THE 

HEART. 



By Franz M. Groed^l, M. D., Bad Nauheim, Germany, 
Radiologist to the Heiligr-Geist Hospital, Fi'aiikfort-on-the-Maiii. 



If, at the kind request of the editor. There endeavor to describe what 
services can be rendered by Roentgen rays when examining the heart, it 
can of course only be in the briefest outline without any claim to com- 
pleteness. Especially as to the technical details which I cannot discuss 
fully here, I shall have to content myself with referring, when necessary, 
to the literature bearing upon the subject. 

Generally speaking, ^r-rays are used for the following purposes when 
examining the heart: — 

1. Observing the action of the heart. 

2. Determining the position of the heart. 

3. Ascertaining the form of the heart. 

4. Defining the size of the heart. 

However, to decide whether, in any individual case, there has been 
any pathological change in one of these four points is only possible, when 
we have an exact knowledge of the normal condition of the Roentgen 
shadow. In the following, therefore, I will give a description of the 
normal condition before proceeding to the pathological state. 

The action of the heart is observed by means of the screen. If we 
choose the sagittal direction of the rays — passing through the body from 
back to front (dorsoventral), or vice versa (ventrodorsal), we see the 
dark medium shadow bounded on the right and left by the light 
shadow of the lungs, pulsating gently in the two lower thirds. The 
character of these movements shows slight variations in different places 
on the margin, which make it possible to draw conclusions as to the 
section which produces the movements. 

The so-called "medium shadow" is formed by different organs casting 
Roentgen shadows. Besides the spinal column and the sternum, this 
is done chiefly by the heart and the great vessels. In a normal condi- 
tion the shadow of the heart and the large vessels overlaps the other parts 
everjrwhere, both to the right and to the left, being clearly outlined in 
curves against the light shadow of the lungs. To the right we see two 
curves, the right lower one, the curve of the auricle, and the right upper 
one, the curve of the large vessels. To the left we see four curves, the 
left lower one, the curve of the left ventricle, adjoining that of the left 
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auricle (in normal conditions formed only by the appendix of the left 
auricle), then farther up the curve of the pulmonary artery, and last 
of all the curve of the aorta. The exact definition of these curved out- 
lines has given rise to many controversial papers which, however, it will 
be impossible for me to discuss here. In the clearing up of this question 
studies on the corpse and above all the observing of the pulsation have 
shown the following results: — 

The right lower curve evinces but a slight and gentle pulsation and is 
presystolic compared with the apex-beat. The right upper curve, in the 
extremely rare cases when the veins form the outline, does not show 
any pulsation at all, whereas in most cases, the aorta forming the out- 
lines, a slight pulsation may be detected alternating with that of the lower 
curve. On the left side we see a kind of undulating movement, which 
we can best describe as vermiform. The contraction of the lower left 
curve corresponds, as is shown by palpation, with the apex-beat. On the 
curve of the aorta we see a stronger pulsation, a somewhat slighter one 
on the curve of the pulmonary artery. If the curve of the left auricle 
is distinctly marked, we see its contractions preceding those of the left 
lower curve of the ventricle. The movements of the auricle are rapid 
and convulsive, those of the left ventricle pumping and more copious, 
those of the vessels slight and sluggish. We can, moreover, generally 
distinguish both a feeble and a stronger type of action. 

In this latter point it is not always easy to draw a line pathologically. 
In cases of chlorosis, chronic tuberculosis, etc., we often find an abnor- 
mally feeble type of action ; with nervous people, especially those suffer- 
ing from neurasthenia, a decidedly more vigorous type of action. The 
same vigorous form of pulsation is likewise discernible in cases of aortic 
insufficiency, bradycardia and heart-block; an abnormally feeble pulsa- 
tion in cases of myocarditis. With tachycardia paroxysmalis we have 
the impression of a vibrating, more or less irregular movement, whilst 
with the Basedow-patients there is a more vigorous pulsation of the heart, 
notwithstanding an increased rapidity of movement. 

Variations in the marginal curves from- the normal type of pulsation 
occur with different diseases of the heart; for example, very vigorous 
pulsatory movements of the curve of the pulmonary artery in cases of 
persistent ductus Botalli. The same thing is to be seen in the rare cases 
of perforation of an aneurysm in the pulmonary artery, as well as with 
congestion in the lungs. If the intraventricular septum is deficient, we 
can see ventricular movements of the right lower curve. In affections 
of the mitral valves, especially in mitral stenosis, a violent pulsation 
of the auricle is usually to be observed. In cases of tricuspid incompe- 
tence there is a pulsatory movement of the superior vena cava, which then 
forms the outline. F. Kraus and Hofmann-Duesseldorf have, moreover, 
shown that roentgenoscopy can also be employed for examining the 
reference of the pulse to the cardiac action; for example, to decide 
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whether an intermission of the pulse corresponds with an intermission 
of the heart. The question whether the patient is suffering from heart- 
block or only bradycardia can also he easily decided on the Roentgen 
screen. In case of "dissociation" I was able to observe that one pulsation 
of the aorta always corresponded with 2-3 pulsations of the right auricle. 

To make rcentgenoscopic observations of the pulsations of the heart, 
a considerable amount of practice and experience is requisite. We have, 
however, lately succeeded in reflecting and studying the pulsation of the 
heart by means of rcentgencinematography. The first pictures of this 
kind I was able to demonstrate before the "Verein fuer innere Medizin" 
in Berlin in the year 1909. Meantime I have constructed better cinema- 
tographic apparatus, so that the change of plates takes place more ac- 
curately. By employing better screens (the Sinegran screen)* and a 
one-flash apparatus (Unipuls)* the pictures have become much more 
distinct. Quite recently I have combined the roentgencinematograph with 
an electrocardiograph, so that now for every picture the respective phase 
of the heart can be exactly defined. I must also mention here the recent 
attempts to represent on the screen the circulation of the blood in the 
large vessels and in the heart. Alwens and Frank have succeeded in 
doing this with animals by injecting bismuth-oil in the blood-vessels. 
Whether these experiments will and can afterwards be extended to hu- 
man beings or not, is of course very questionable. 

Whereas for studying the pulsation of the heart we chiefly employ the 
sagittal diameter, it is found better to make use also of the frontal diam- 
eter at the same time, when examining the position of the heart. I must 
here refrain from discussing the pictures made by the oblique diameter, 
as they can scarcely be described without illustration. The oblique 
diameter is of especial importance for examining the aorta, which, how- 
ever, is outside the subject of this article, and to decide whether a bulg- 
ing out of the left side of the heart is caused by the auricle or the pul- 
monary artery. In general the simple method of fluoroscopy will be 
found sufiicient, but more exact results are obtained by employing one 
of the orthoroentgenographic methods, especially orthodiagraphy. A 
roentgenphotograph is rarely necessary to be taken, unless it be to secure 
an illustration of a rare case, or to find out the cause of a dislocation by 
means of photography. 

Examination by means of jr-rays has above all placed the fact beyond 
doubt that there is no invariable rule for the position of the heart. It 
has been ascertained orthodiagraphically that about one-third of the 
heart lies to the right and two-thirds to the left of the median line. 
According as the position of the longidiameter of the orthodiagram (it 
corresponds approximately to the axis of the heart) is to the axis of the 
body, we speak of the perpendicular, oblique, or horizontal position of 
the heart. By far the most frequent position is slightly oblique. The 

^Reiniger, Gebbert and Schall, Berlin. 
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perpendicular position is found chiefly with young, slender people, but also 
in cases of the so-called habitus asthenicus of adults, whereas the hori- 
zontal position is generally speaking a peculiarity of old age. Again, 
space will not allow me to g^ve exact topographical details. I will only 
mention the very important fact, that the apex-beat is mostly felt out- 
side the cardiac dulness, which we find by means of orthodiagraphy, 
the reason being that the apex-beat is directed obliquely towards the wall 
of the thorax. 

Our knowledge of the position of the heart is greatly increased by em- 
ploying the frontal diameter. We see that the heart is placed obliquely 
in the thorax, at the top backwards and at the bottom forwards, and is 
fixed firmly between the wall of the thorax and the diaphragm. There- 
fore we speak of the part of the heart which is sunk into the shadow of 
the diaphragm. Another result of these positions is the division of the 
frontal shadow of the thorax into the front retrosternal and a rear re- 
trocardial region of the lungs, between which, as described above, the 
shadow of the heart is placed diagonally. 

Of the physiological facts that influence the position of the heart, the 
respiration must be mentioned first. By the pericardium, the heart is 
held fast partly to the diaphragm (the Herzboden) and must therefore 
take part in all the movements of the latter. During inspiration it be- 
comes longer, narrower, and more perpendicular; during expiration 
broader, shorter, and more horizontal. By means of roentgencinemato- 
graphic studies I have been able to ascertain that, with normal gentle 
respiration, no change in the size of the heart takes place, there being 
merely the above-mentioned dislocation. 

When the position of the body is changed, the position of the heart 
passes through changes similar to those caused by respiration. When 
lying on the left side, the heart moves on an average of 2.5 cm. ; when 
lying on the right side on an average of 1.5 cm. But this degree of 
movement is also dependent upon various other circumstances, e, g., 
corpulency, etc. When lying in a horizontal position the heart moves 
upward and becomes broader than when standing or sitting and also seems 
to be larger. It is for this reason that Moritz has declared the inadvisa- 
bility of measuring the heart when the body is in a vertical position, 
but the arguments which he has brought forward have, on closer exam- 
ination, proved altogether untenable, as I have shown in a paper on this 
subject in the Annalen der stadt. Krankenhceuser in Muenchen (Vol. 
XIII). 

Among the pathological variations of the normal position of the heart, 
we may first mention the congenital dislocation of the heart, the most 
frequent of which is the complete lateral inversion in cases of sittis 
viscerum inversus. It is only since Ar-rays have been used for examin- 
ing the heart, that we know that this is of relatively frequent occurrence. 
I have myself reported two cases in the Atlas imd Grundriss Rcent- 
jrendiagnostik in der inner en Medi^sin (J. F. Lehmann, Munich, 1909). 



J 
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Acquired dislocations of the heart are also of very frequent occurrence. 
Every abnormaJ position of the diaphragm can lead to such a dislocation. 
If the left diaphragm is raised by an abnormal quantity of gas in the 
stomach, the heart is moved to the right; on the other hand, when the 
right diaphragm is raised by an enlargement of the liver, the heart is 
moved to the left. A similar effect is produced by tumors in the abdomen, 
ascites, pregnancy, etc. To this group may also be added the "drop- 
heart" (medium position of the heart) in cases of habitus phthisicids. 
Just in the same manner as the heart changes its position following the 
movements of the supporting diaphragm, so it also follows the change 
that takes place in the lungs. Tumors and pleuritic exudations in the 
lungs press the heart to one side, pleuritic adhesions draw it aside, em- 
physema of one side of the lungs thrusts it to the other side, especially 
when in the latter, through pathological processes, the quantity of air is 
reduced. Thus in tuberculosis of the lungs we find a manifold variety 
of positions. Finally the suspending apparatus of the heart, that is the 
large vessel, changes its position by becoming longer, and sinking. The 
heart then takes the horizontal ppsition (old age heart). I may also 
mention here the emphysema-heart: with emphysema of the lungs the 
diaphragm is flattened, the "Herzboden" being therefore low down^ and 
the result is that the heart is very much narrowed and stretched. - 

The motility of the heart also shows variations from the normal under 
pathological conditions. Thus every change in the normal t)rpe of respira- 
tion produces a corresponding change in the respiratory movements of 
the heart. Especially well known is the "inspiratory" dislocation of the 
mediastinum into that half of the thorax where the stenosis is situated, 
in all processes that are combined with the contraction or compression 
of a lung, as for example stenosis of one bronchia, pneumothorax, 
aneurysm, etc. Adhesions between pleura and percardium, even when 
they are very slight, often become only manifest by abnormal respiratory 
movements of the heart. Another very appropriate means of finding 
out the changed motility of the heart is examination in different positions 
of the body. We find the motility of the heart reduced in all above- 
mentioned cases of dislocation or abnormal respiratory movements, when 
lying on the side, and an increased motility in cases of aggravated chloro- 
sis, enteroptotic habitus, etc. 

As regards the normal form of the heart, something was said, when 
discussing the marginal curves in the shadow of the heart and the large 
vessels. The entire sagittal silhouette of the heart appears to us in a some- 
what elongated egg-form, but it is not possible to give any definition that 
can be generally applied. Every heart shows slight variations, so that 
there are never two heart-orthodiagrams of different persons which are 
exactly alike. Nevertheless, it is comparatively easy to detect a change 
in the shadow of the heart, as we usually find, besides general changes 
in form and position, extremely typical changes in the different marginal 
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curves, and these are as a rule combined with a changed type of pulsa- 
ti(»L It is, I think, not saying too much, when I assert that just this 
branch of the Roentgen diagnosis of the heart will in future bear most 
fruit. We find occasionally this subject mentioned by Santiard, Grunmach, 
Kcehler, Destot, de la Camp, Holzknecht and F. Kraus. The first attempt, 
however, to fix a typical form of the heart for most of the cardiac affec- 
tions was made by Th. Groedel and myself, the results of which were 
on the whole confirmed by Kcehler and Dietlen. For the congenital 
heart diseases we have lately composed a roentgenological symptomato- 
logy in the Deutsches Archiv fuer Klinische Medizin, 

I will give here a short sketch of the best known pathological forms 
of the heart, without, of course, giving anatomical explanations; details 
on this subject will be found in the above-mentioned Atlas, p. 151-156, 
and in another work of mine that is in print "Die Roentgendiagostik der 
Herz-und Gefaesserkrankungen" (Hermann Meusser, Berlin, 1911). 

In all cases of an affected aortic valve we find a so-called "aortic heart." 
It is pronouncedly horizontal, "recumbent egg-form." The greatest in- 
crease in size is always to be found in the left lower curve, a less pro- 
nounced one on the right lower curve. The greatest enlargement of 
the heart we find in cases of aortic insufficiency, when we can almost al- 
ways see a pulsatory, already anatomically fixed dilatation of the aorta 
in the form of a bulging-out of the right upper curve. Stenosis of the 
aorta shows similar symptoms — of course without dilatation of the aorta 
— ^but in a less degree. The same thing may be said of the sclerotic 
stenosis of the aorta, sclerosis in the beginning of the aorta, aortic 
aneurysm near the heart, and all other cases {e. g,, old age heart) in 
which the evacuation of the left ventricle is impeded. 

A comparatively small heart is found in cases of mitral stenosis, which 
is but seldom without complications. Frequently, even the curve of the 
left ventricle is reduced, which sometimes denotes a hypoplasia of the 
left ventricle. The other marginal curves have generally nothing partic- 
ular to show, except the curve of the left auricle, which is enormously 
enlarged and pulsates violently. Thus we have an "upright oval form." 

Another picture is afforded by insufficiency of the mitral valve. Slight 
cases may occur without the form being changed in the least. A mitral 
insufficiency of longer standing, and especially if it has been frequently 
decompensated always results in a "ball-formed" (round) heart. The 
heart is enlarged equally on all sides. The curve of the right auricle is 
usually very much bulged out ; the curve of the left ventricle is enZarged 
and at the top melts into the curve of the right ventricle, which bulges 
out to the left, upwards towards the arm-pit, and thus thrusts back the 
curve of the left auricle and at the same time covers the left auricle itself, 
which is of course greatly dilated. 

At the same time I must state here, that pure insufficiency of the mitral 
valve, as well as the pure mitral stenosis, is of rather rare occurrence. 
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The two affections of the valves occur much more frequently combined 
than we can clinically state it; therefore, we very often find the charac- 
teristics of the two forms united. The curve of the pulmonary artery 
can be enlarged by all affections of the mitral valve, mostly in case of 
decompensation. In such cases we can frequently distinguish as a special 
curve, in the curve of the right auricle, the appendix of the right auricle. 

It is also worthy of mention that with combined lesions of the mitral 
and aortic valves, all the peculiarities of the different defects of these 
valves are discernible. In such cases the marked oblique position of the 
heart is t)rpical. In cases of tricuspid insufficiency we often see enormous 
changes in the size of the right auricle. 

Of all the congenital affections, the persistence of the ductus arteriosus 
Botalli affords the most typical Roentgen picture. The most evident 
symptoms are the distension and pulsation of the pulmonary artery, and 
the enlargement of the right ventricle, by which a round heart (mitral 
heart) is formed. 

Congenital stenosis of the aorta (I have myself observed two cases) 
also shows an enlargement of the curve of the pulmonary artery. In 
this affection the left ventricle is as a rule enlarged, so that the heart 
assumes a recumbent cylindricaJ or egg-form (aortic heart). In cases 
of stenosis of the pulmonary artery I have not been able to detect any 
changes whatever in the Roentgen picture. 

Ventricular movements in the right margin of the shadow of the heart 
signify a defect in the ventricular septum. On the other hand, in cases 
of foramen ovale apertum we have likewise found no special roentgeno- 
logical symptom. 

For the different forms of myocarditis, cardiac complaints connected 
with chronic nephritis or arteriosclerosis, neurosis of the heart, phreno- 
cardia, constitutional weakness of the heart, etc., many diagnostic Roent- 
gen symptoms can be enumerated ; however, as this would lead me too far, 
I refer for further information to my above-mentioned works. 

An exact description of the Roentgen shadow in cases of pericarditis 
also surpasses the limits of this paper. In cases of exudative pericardi- 
tis we see the well-known triangular form of the heart shadow. A good 
Roentgen photograph is of especially great service when the exudation 
has to be removed by operation. 

In cases of dry pericarditis and residues of an exudative pericarditis, 
the pericardiac adhesions can very easily be demonstrated. This too is 
necessary in case of operations, if the working of the heart is to be re- 
lieved by "cardiolysis." Calcinations of the heart have not yet been dem- 
onstrated intra vitam. A short time ago I found, for the first time, a 
shadow of calcination in the pericardium. The case in question, pub- 
lished in Fortschritte auf dem Gebiet der Rosntgenstrahlen, Vol. XVI., 
is peculiarly interesting because it was at the same time possible to recog- 
nize the separate cavities of the heart 
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Before passing on to the results of defining the size of the heart, 
I must give a brief explanation of the orthoroentgenographical methods, 
referring for all further details to my instructions for working with 
parallel ^r-rays ("Die Orthoroentgenographie," J. F. Lehmann, Munich). 

Of the different photographic methods only the "Koehler teleroentgeno- 
graphy" has proved a success. The reason for this is, that with 2 m. 
distance between the tube and the plate only extremely small changes in 
size take place, and these are so small that they can be disregarded with- 
out any detriment. It is true that this method is technically easier to 
use, since we generally employ short exposures. But the cost of produc- 
tion compared with orthodiagraphy is disproportionately high. 

Orthodiagraphy will in all probability continue in use in future where 
examinations of the heart by^r-rays are carried on regularly. The g^reat 
advantage of orthodiagraphy is the employment of only one ;r-ray (that 
is to say, one small sheaf of rays) which is carried round the heart, thus 
showing the outlines of the heart. The first apparatus, which, however, 
could only be used for horizontal drawings, was that of Moritz. For 
perpendicular examinations that of Levy-Dorn is a very practical con- 
struction. This I succeeded in modifying considerably some years ago. 
Perpendicular orthodiagraphy, being much more practical than horizontal, 
has now come into general use. If examinations are always made in a 
sitting posture, as I have proposed, the results are in every respect in- 
disputable. 

The special value of the orthodiagram is to be found in the exact re- 
production of the form of the heart and its details ; the measurements seem 
to me to be only of secondary importance. For, in spite of all its exact- 
ness, the orthodiagram gives us only approximate and not absolute 
figures. I do not mean by this that exact measurements of the heart are 
not necessary, and for which orthodiagraphy still remains indisputably 
the safest and best method. 

For the measuring of the orthodiagram, numerous instructions have 
been given. For general practice, however, it is sufficient to keep to 
the few sizes that can be really measured with accuracy. These are the 
greatest distance between the right and left margins of the heart and the 
middle side of the sternum, the median distance to the right and to the 
left, which together give the transverse dimension ; and the longidiameter, 
the greatest distance of the heart apex from the point of the division be- 
tween the two right curves: By the examination of a large number of 
persons with healthy hearts for these dimensions, a list of average figures 
has been drawn up. This was done for horizontal diagraphy by Dietlen, 
for perpendicular orthodiagrams (sitting) by myself, and for children's 
hearts by Veith. In this way we are now enabled to detect even relatively 
slight deviations of the heart measurements from normal conditions. But 
even at the present day we are not able, and this should be especially 
emphasized, to measure the size of the heart to a millimeter. For just 
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the numerous examinations of healthy hearts have shown that even, when 
we take into consideration the size of the body, the weight of the body, 
and the age of the individual, there are still great variations in the 
average figures. The profession, the condition of nourishment and many 
other factors have also to be taken in account. 

Besides determining physiological changes in the heart and its use in 
defining exactly the enlargement of the heart, orthodiagraphy has ren- 
dered very good service in a* number of more or less experimental works, 
especially as to variations in the volume of the heart ; and it is used daily 
for this purpose. I can only give here a summary of the most important 
of these applications and their results. 

Bingel found that fencing had no influence on the size of the heart. 
The same thing was ascertained by Lennhof and Levy-Dorn, Mendel 
and Selig in regard to wrestling, Moritz as far as bicycling is concerned. 
Grunmach and afterwards de la Camp found, that even a maxium of 
physical exertion does not produce any dilatation of the normal heart. 
Later on Kienbceck, Selig and Beck gave a report about acute diminution 
of the heart after a trying swimming race and other physical exertions. 
Dietlen and Moritz came to the same results in regard to bicycling. Be- 
fore that, de la Camp and Freund had observed the same thing with neu- 
rasthenia cordis. Dietlen reported about tachycardia paroxymalis which 
in 2 out of 3 cases had produced a slight diminution of the heart 
during the attack, and Th. Groedel who four times in 56 cases detected 
a very slight diminution of size. On the other hand Schieffer, Dietlen, 
Moritz, Kienbceck and his collaborators have all found, that with con- 
tinued over-exertion the dimensions of the heart gradually increase. A 
pathological heart does not become enlarged, as de la Camp reports, by 
a single over-exertion. Grunmach, Moritz, Bickel, Bingel, Hoffmann and 
de la Camp, all state that alcohol, morphium, hydrate of choral, chloroform, 
caffeine, nicotine, etc., have no influence on the size of the heart. Moritz 
states that atropine produces a great diminution of the heart. The in- 
fluence of various infectious diseases upon the size of the heart has been 
described by Schieffer and, with more details, by Dietlen. During attacks 
of stenocardia and bronchial asthma, diminutions of the heart have been 
detected by Kienbceck, Moritz, Goetzl, Dietlen. Observations in regard 
to the influence of various therapeutic treatments have also been made. 
Rimbach saw the heart decline after manual massage, Rumpf on in- 
troducing oscillating currents into the body, Selig after vibration massage 
and Schott after one gymnastic exercise (?!), whereas I have stated 
that any considerable change in the size of the heart cannot be produced 
by g)minastic exercises. Schott and also Kingscote have observed a dimi- 
nution of the heart after a single carbonic acid bath ; whereas Grunmach 
and afterwards Th. Groedel and myself could not detect this. Quite 
recently Beck and Dohan have reported that the heart becomes enlarged 
through cold baths and smaller through hot baths. In conclusion may 
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be mentioned the observations made as to the changes in the size of the 
heart in connection with abnormal form of the thorax, especially in 
scoliosis and in chronic diseases such as tuberculosis. 

It has not been possible for me, in the limited space at my disposal, 
to give an exhaustive description of all that ^-rays can do in examining 
the heart. The facts I have stated, however, will prove that the Roent- 
gen rays have considerably advanced our knowledge of the physiology 
and pathology of the heart, and that we are entitled to expect still greater 
progress. In conclusion, I wish to lay stress upon the fact that a 
Roentgen diagnosis of the heart can never stand alone, but only in connec- 
tion with all the other clinical methods of examination. It is merely to 
supplement and improve them. How much orthodiagraphy has done, 
in this respect, for improving percussion is sufficiently proved by the 
numerous works on the subject. 
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ORTHODIAGRAPHY OF THE HEART. 



A REVIEW OF RECENT UTERATURE. 



By E. H. Skinner, M. D., of Kansas City. 
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of 60 orthodiagrams which are classified according to diseases. They 
feel justified in the conclusion that "an abnormal dimension index is an 
early evidence of the increase in size of one or more chambers of the 
heart and may occur before such an increase can be demonstrated by 
other means; that a decrease in the index results from left ventricular 
hypertrophy and dilatation, and that an increase indicates a dilatation 
of the auricles with or without h)rpertrophy of the right ventricle. In 
combinations of these two antagonistic factors the index will depend on 
the predominance of the one or the other. The wide variation shown in 
valvular diseases should make the index valuable in the diagnosis 
of doubtful or combined lesions, and it is hoped that the smaller fluctua- 
tions found associated with renal conditions may sometimes be of diag- 
nostic and prognostic value." Their method of obtaining the cardiac index 
is ingenious and worthy of attention, but is too technical for the purposes 
of this review. 

Hirschfelder, in his recent textbook, offers a few pages upon this 
subject, which, while elementary in technique, are worthy of attention 
because of the conclusions. Hirschfelder says that it is possible by means 
of the fluoroscope to watch the individual contractions of the heart and 
note the changes in the size due to systole and diastole, although this is 
very difficult. But he thinks that the contraction of the auricles can 
be seen with considerable definiteness, and. dissociation of the rhythm of 
heart-block can often be diagnosed in this way by simple inspection. 

Aside from the orthodiagraphic information regarding the dilatations 
of the various chambers of the heart, this method lends valuable assistance 
in determining changes in position and form of the heart in congenital 
and acquired alterations in the thoracic anatomy, which may be only 
suspected by ordinary physical examinations. Osterroth reports the case 
of a recruit, previously healthy, who entered the hospital after his first 
jumping exercises. The physical examination revealed, upon the posterior 
lower left lung area, a dullness with bronchial breathing. No fever. In 
the heart area there were full resonance and vesicular breathing. Heart 
dullness was to be found in the posterior thoracic wall under the angle 
of the scapula, and the apex-beat was determined in the seventh inter- 
costal space in the posterior axillary line. By the anteroposterior ortho- 
diagram, a wide change of heart shadow to the left, which located the 
heart entirely in the left half of the thorax, not even reaching the spinal 
column in the middle. The oblique upper border of the heart shadow 
showed pulsation. It, therefore, appeared that a portion of the left lung, 
apparently the inferior lobe, was very small following a congenital 
atelectasis, and that the high degree of change in the heart area to the 
left and posterior had ensued. 

Concerning the comparative value of the orthodiagraph and percus- 
sion in mitral stenosis, Vasquez and Bordet report that while in the 
anteroposterior position the normal orthodiagram shows a more or less 



SKINNER: ORTHODIAGRAPHY OF HEART 137 

small distinguishable arch of the left heart shadow, that in distinct 
mitral stenosis the form of the left heart line is nearly vertical. The 
usual arch, which in the normal condition is the left ventricle of the 
heart, is failing. More important is the condition of the shadow of the 
left auricular appendage, which is markedly enlarged by an outward 
curve extending backward frequently to the spinal column. Not infre- 
quently in the oblique position, the shadow of this appendage obscures 
the normal interval between the heart and the spinal column. 

Both Schwarz and Mohr report upon the typical changes in orthodia- 
graphic outlines of fatty hearts. Schwarz has been able to determine 
the deposition of the fatty layer by the filling out of the usual angle 
between the heart apex and the diaphragm. In post-mortem examinations, 
some of these cases showed small fatty deposits measuring 2.5 to 3 cm. 
in thickness. By the use of the very soft tube, these appear to be small 
dark shadows which can be recognized apart from the shadow of the 
heart itself. Aside from the use of the soft tube, Schwarz cautions one 
to make the orthodiagram during deep inspiration, as the high position 
of the diaphragm can cover up the entire phenomena. 

Mohr's article is a repetition of Schwarz's findings, but he also adds 
that in the oblique diameter one sees these contracting masses of fat 
upon the heart contour. By the fluoroscopic examination one sees, in 
contradistinction to the usual movement of the heart action, that these 
lateral cloudy masses do not move and are also uninfluenced by the 
diaphragmatic movements; while if there are pericardial adhesions or 
pleuritic adhesions these shadows do move. Mohr refers to deposit of 
fatty masses upon the pericardium in these fluoroscopic symptoms. 

Since it is difiicult to obtain a good shadow of the apex of the heart 
under the usual methods, Achelis has suggested the inflation of the 
stomach with carbonic-acid gas to make the apex more apparent. The 
best degree of transparency is secured by moderate inflation. His 
method consists in offering the patient, who has come in a fasting con- 
dition, about 4 gm. of tartaric acid dissolved in a half-glass of water 
and then a wafer containing about 2 gm. of powdered bicarbonate of 
soda. Usually the heart is displaced upwards a slight degree and towards 
the left, assuming a transverse position. By this procedure, however, 
the heart mass itself does not undergo any change, although there may 
be pathological changes in the outlines of the heart mass as regards 
the position, form and shape of the different parts of the heart shadow. 

Beck discusses the size of the heart in pulmonary tuberculosis. He 
finds that the size of the heart in tuberculosis can be influenced by dif- 
ferent diseases; for instance, by nephritis, valvular defects, and con- 
genital cardiac weakness. In 30 cases of pulmonary tuberculosis all 
of these conditions were eliminated, and it was ascertained that there 
was a lessening in the heart volume in tuberculosis, when compared with 
the relative normal size and weight of body. 
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Block presents a method of measuring the heart shadow by always 
applymg the focus of the jr-ray tube to one point upon the chest and then 
erecting a system of charts in which the study of such shadows w4]l be 
indicative of the various changes in outline produced by different path- 
(logical changes, although these may be distorted shadows. While not 
giving the true size of the heart, yet, by comparison with a constant or 
normal distortion, the relative changes in pathological outlines will be 
noted. The advantage is claimed to lie in the fact that an ;r-ray instal- 
lation of great power and high price is avoided. 
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CONGENITAL HEART DISEASE. 



A REVIEW OF RECENT LITERATURE. 



By Alfred Friedlander, M. D., of Cincinnati. 



1. Reilly and Smith: Heart Disease in Infancy and Childhood. 
(Amer. Jouni. of Obstet. and Dis. of Women and Children, May, 
1910.) 

2. Fetterolf and Gittings: Anatomy of Child's Heart. (Amer. 
Joum, of Obstet. arid Dis. of Women and Children, February, 
1911.) 

3. Pekar and Tezner : Studies of Heart Function in a Case of Con- 
genital Ectopia Cordis. (Jahrbuch fuer Kinderheilkunde, Sep- 
tember, 1910.) 

4. Fulton, Judson and Morris: Congenital Heart Shock Occurring 
in a Father and Two Children. (Amer. Joum. Med. Sciences, 
September, 1910.) 

5. Luna: Congenital Heart Lesion with Hemiplegia. (La Pedia- 
tria, April, 1910.) 

6. Weber and Domer: Pulmonary Stenosis and the Secondary 
Blood Changes. (Lancet, I., p. 50, 1911.) 

7. Wachenheim : Congenital Heart Lesion without Cyanosis. (New 
York Academy of Medicine, Section Pediatrics, October 3rd. 
1910.) 

8. Graham: Congenital Heart Lesion without Cyanosis. (Phila- 
delphia Pediatric Society, October 11th, 1910.) 

9. Kohl: Congenital Malformation of the Heart. (Centralbl. fuer. 
Allgemeine Pathol, XX., p. 1089.) 

10. Krostein: The Closure of the Ductus Botalli. (Archiv. fuer 
Gyncecologie, Bd. 90.) 

11. Bauer: Congenital (syphilitic) Myocarditis. (Allgemeine Wiener 
Medizm, Zeitung, May 17th, 1910.) 

Reilly and Smith have carefully analyzed SO cases of heart disease 
as found in dispensary practice. The 50 cases occurred among 1,500 
cases of all kinds treated between March, 1907 and June, 1909. They 
thus constituted 3^ per cent. These 1,500 cases were essentially medical 
and the figures thus give a very fair idea of heart involvement. Among 
these 50 cases, there were 4 of congenital heart disease, giving a pro- 
portion of 8 per cent, of the heart cases. If the percentage of congenital 
hearts is estimated on the basis of the whole 1,500 cases, the percentage 
of congenital lesions is 0.3 per cent. Of the 4 cases, the ages varied 
from five and one-half months to nine years. The history g^ven was either 
that the baby had been a blue baby at birth or that the mother had noted 
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an abnormal heart action from birth. In the two older children the 
chief complaint was shortness of breath. As is usual in the congenital 
lesions, the definite diagnosis (anatomic) could not be made. 

Fetterolf and Gittings made sections and dissections of the bodies of 
infants, which had been injected with 10 per cent, formalin and then 
frozen. The horizontal position of the heart in infancy was well exem- 
plified. At its greatest depth the heart reached from sternum to verte- 
brae. The blood from the inferior vena cava was directed upward by 
the Eustachian valve and not to the left as is commonly supposed The 
foramen ovale lay in an almost horizontal plane and was not vertical. 
The bicuspid orifice was practically vertical and opened to the left and 
slightly forward. The mitral orifice lay in a plane practically at right 
angles to that of the bicuspid. The relation between the thoracic viscera 
was very clearly pointed out by these sections, and certain special pecu- 
liarities of physical diagnosis in very young children, otherwise not satis- 
factorily explained, were made perfectly clear. For those interested, 
the original article may be consulted with great profit. 

Pekar and Tezner had the opportunity of making a detailed study of 
the heart action of an infant with complete congenital ectopia cordis 
during the first week of life. The autopsy later showed that there was a 
patent foramen ovale polydactylism. The cardiogram showed nothing 
specially abnormal. Despite the anomaly, the heart showed rhythmic 
contraction of its several portions. Respiration was very shallow, and 
its effect upon the cardiogram therefore not particularly marked. The 
authors then studied the effects of mild galvanic currents upon the heart. 
It appeared that as a result of the passage of the electric current through 
the heart, the action of the heart was greatly accelerated. Closure and, 
to a greater extent, opening of the current caused marked, short con- 
tractions partaking of the character of extrasystoles. As a result of 
stimulation of the vagus, there was a marked slowing of the rate of heart 
contraction, sometimes indeed a temporary stoppage in diastole. Fulton, 
Judson and Morris report the cases of a father (at. forty-two) and two 
children (one in the first year of life), all of whom showed definite 
Stokes-Adams syndrome. Degeneration of the auriculoventricular 
bundles could be apparently excluded by the authors, who regarded the 
condition as being congenital, resting either on anatomical or physiolo- 
gical basis. They point out that a pulse of 42-60 in a child under one 
year of age, without very marked symptoms, is of itself of the greatest 
rarity. 

Luna reports the case of a three and one-half-year-old child who 
had been perfectly well up to the age of one and one-half years. After 
a fit of crying, with vomiting, this child suddenly showed a right hemi- 
plegia with aphasia and marked cyanosis. Examination showed a 
marked systolic murmur in the second left intercostal, with marked 
accentuation of the second aortic, and clubbed fingers. The diagnosis 
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made was of congenital heart lesion, pulmonary stenosis, patent foramen 
ovale, followed by hemiplegia. 

Weber and Dorner report the case of a man of twenty-nine with evi- 
dent pulmonary stenosis. As a result of a careful series of studies of 
the blood picture, they believe that in this case (and in all probability in 
other similar cases) there is really an increased blood production. In 
these cases with marked cyanosis and polycythemia there is thus a plethora 
vera and an increased blood production in the bone-marrow. This pro- 
cess is to be considered a compensatory one. 

Wachenheim presented to the New York Academy of Medicine a child 
of six in whom a diagnosis of open interventricular septum with pul- 
monary stenosis had been made out. There was a loud murmur below 
the pulmonary site. In spite of the cardiac lesions there was no cyanosis. 

In the ensuing discussion La Fetra said that he probably saw one 
case a month (in dispensary) of congenital cardiac lesion without cyano- 
sis. It should be kept in mind, on the one hand, that marked congenital 
murmurs with no cyanosis are not at all uncommon, and, on the other 
hand, that there may be extreme cyanosis and clubbing of the fingers 
with absolutely no murmur to indicate the heart deformity. In all 
doubtful cases, blood examinations may be of value, since high hemoglobin 
and a red count of over 5,000,000 would indicate congenital heart disease. 
(This could not include the newly bom, in whom it is well known high 
hemoglobin and very high red counts are the rule. — Ed.) 

Graham showed a case (before the Philiadelphia Pediatric Society) 
of a girl of five, whose heart lesion had been discovered at the age of 
fourteen months, during an attack of bronchitis. At nineteen months 
she had chicken-pox, at two and one-half years, measles, at five years, 
lobar pneumonia of the right lung. The heart was decidedly enlarged, 
the right heart being markedly enlarged. There was cyanosis only after 
exertion, though the child was always pale. A loud systolic murmur 
was heard over the entire chest. The latency of the case, the absence of 
cyanosis, the possibility of such a badly damaged heart withstanding 
both measles and pneumonia, made the case of exceptional interest. 

Kohl reports a case of congenital heart anomaly. The aorta consisted 
of two parts, the aorta ascendens which sprang from the left ventricle, 
but immediately divided into three branches: the right innominate, the 
left carotid, and the left subclavian. The vessel, corresponding to the 
aorta descendens, sprang from the pulmonary aorta through the medium 
of the ductus Botalli. As is usual in such cases, there were other anom- 
alies in other organs, viz. : changes in lungs, etc. 

Krostein discusses the theories of the mechanism of the closure of the 
ductus Botalli. The view of Thomas rests upon the view that a slowing 
of the rate of blood-flow is concerned in the closure of the duct. After 
birth the pressure in the aorta becomes greater than that in the pulmonary, 
so that there is necessarily a slowing of the stream in the ductus. The 
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ductus then contracts and is finally closed by proliferation (fibrotic) 
of its intima. In addition, Kohl believes that other factors concerned 
in the closure are elastic muscular fibres in the ductus intima which de- 
velop in fetal life in a symmetrical way. Furthermore, another factor 
is the changed position of the heart, .which occur3 with the first breath 
and which leads to a swelling of the division point of the pulmonary, 
thus also favoring closure of the ductus. 

Bauer describes the case of a girl of thirteen who had suffered for 
some years with palpitation and pain in the extremities. There was pig- 
mentation at angles of the mouth, periostitis on both tibiae, and splenic 
enlargement. With this there was dilatation of the left ventricle and 
bradycardia with increased tension. The Wassermann reaction was posi- 
tive. The author classes this as a case of congenital syphilitic myocar- 
ditis and arteritis. 
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THE ROLE OF THE MYOCARDIUM IN HEART DISEASE. 



By Louis M. Warfield, M. D., of Milwaukee. 



The more we have learned about the pathological physiology of the 
heart from the newer studies by means of venous pulse-tracings, cardio- 
grams, and electrocardiograms, the more it is borne in upon us that the 
function of the heart muscle itself is what we wish to have most informa- 
tion about and what we know least about. Thus far we have no accurate 
means of measuring the actual power of the muscle, especially its ability 
to carry on the circulation against the odds of valvular disease^ arterial 
disease, or disease of the muscle itself. We should like to be able to 
measure the tone of the muscle, but modem methods of research have 
yet to bring forward a means to do this with any degree of accuracy. 

A normal heart muscle has five inherent properties: Irritability, 
rhythmicity, conductivity, contractility, and tonus. We are concerned 
with the two last, viz., contractility and tonus. By tonus we mean the 
force which resists over-dilatation of the muscle when the heart is in dias- 
tole. Normally the vagus nerve through the augmentor fibres controls 
this function of the heart muscle. When a normal heart is beating rapidly 
as the result of exercise, it, at first, dilates. If the exercise is not too 
severe, the transient dilatation soon passes away. The heart of the 
athlete or of one in training actually becomes smaller, that is, the tonus 
of the muscle increases following mild or even moderately severe exer- 
cise. The athlete's heart is often hypertrophied. It was formerly con- 
sidered that there was no such condition as pure work hypertrophy, but 
experiments upon dog^ which were made to run on a treadmill (Kuelbs) 
•have shown that there is actually a true work hypertrophy. 

It is extremely doubtful if the mere increase in the number of beats 
per minute could produce hypertrophy. Hypertrophy is generally con- 
ceded to result only after the muscle is stretched, and this takes place 
when the residual blood in the ventricle becomes greater than normal and 
acts as an increase in the load which the ventricle carries. Stewart 
(Journ, Exper. Med,, 1911, XIII, p. 187) produced such a condition in 
dogs by cutting the posterior cusp of the aortic valve with a MacCallum 
valvulotome. This caused a sudden insufficiency of the valve with a re- 
sulting excess of blood to the left ventricle at every diastole. To accom- 
modate this extra amount of blood the ventricle dilated. He found that 
the hypertrophy involved all the chambers of the heart with the greatest 
absolute and relative increase in the left ventricle. The auricles also 
hypertrophied to a relatively greater degree than the septum or the right 
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ventricle. The co-hypertrophy of the auricles was not due to an altered 
venous pressure but resulted from increased force of the auricular systole. 
The heart showed increase in weight within one week after the production 
of the aortic insufficiency. 

While a strong hypertrophied heart tends to decrease in size during 
exercise, the atrophic heart tends to increase in size or, in other words, 
to dilate. The auricles at first dilate enormously, later the ventricles. 
If, however, there is good tonus of the muscle, the ventricles in the normal 
heart do not dilate. A heart in which the muscle is diseased becomes di- 
lated upon comparatively slight exertion. 

Probably the most severe strain which one can place on a normal heart 
is the strain of lifting. The glottis is closed, the blood-pressure becomes 
greatly increased, the intrathoracic pressure rises, the veins of the head 
and neck stand out like cords, and excess of work is put upon the ventricle. 
In a healthy heart no harm is done. Exercise even to the point of exhaus- 
tion and fainting does not bring about cardiac dilatation in otherwise 
healthy men. Should the heart be diseased (fatty degeneration, myocar- 
ditis, etc.) not only dilatation, but permanent damage to the heart muscle 
may result from overstrain. In fatty degeneration of the heart there is 
diminished tonicity. This is one factor in producing permanent dilatation 
in such a heart. 

The venous pressure is highest in exercise of strain and in straining 
at stool and during coitus. Frequently in the history of overstrain one or 
more of these factors are the first points noted. The high venous pressure 
keeps the heart dilated and the low tonicity of a diseased muscle permits 
the muscle to remain dilated. The most important point is repetition of 
the strain. Even a mildly diseased heart may recover from a considerable 
strain, provided the strain ceases at once or there is time for the heart 
to return to normal size before the advent of a second strain. But if the 
strain is repeated in a heart already dilated the tonicity is so low that 
permanent damage results. It would appear that the borderline between 
true heart failure and recovery from a strain depends upon the period of 
rest after strain. 

The whole question boiled down to its last analysis is one of the in- 
tegrity of the heart muscle itself. If the muscle is strong it will be able 
to stand enormous degrees of strain without becoming damaged. This 
becomes of greatest importance in the etiology of heart failure. 

The conditions actually existing in the heart muscle and which cause it 
to dilate in response to overstrain and to remain dilated are not many. 
Pathologically there is parenchymatous degeneration due to the infectious 
fevers among which rheumatism and diphtheria stand pre-eminent. A 
specific form of degeneration due to rheumatism has been described. 
Space will not permit of detailed description of the gross and micro- 
scopical appearances of cloudy swelling. Suffice it to say that it is the 
same in general as occurs in all the parenchymatous organs. The heart 
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muscle necessarily, during the period of degeneration,- is much weakened 
and subject to dilatation upon the least strain. Fatty infiltration is not a 
true disease of the heart muscle, but the fat may be deposited in such 
large amounts between the muscle-bundles as to produce pressure atrophy 
and replacement of some of the muscle cells by connective-tissue. This 
may not necessarily weaken the heart. On the contrary, it may be the 
means of adding strength to a heart which is embarrassed by too much 
fat. However, fatty degeneration is a true disease of the muscle charac- 
terized by destruction of the individual cells and replacement of the cells 
by fat droplets. A certain amount of connective-tissue also is deposited 
throughout the heart. A heart with this condition is weak, although it 
may do its work for a long time, never giving cause for suspicion that it 
is diseased until some slight strain is placed upon it. 

Fibrous myocarditis is probably the commonest disease of the muscle, 
the one oftenest responsible for permanent dilatation. This may follow 
repeated strain as in chronic nephritis, arteriosclerosis, overeating, hard 
manual labor, etc. It has been shown that the hypertrophy which practi- 
cally always is found in such hearts is first due to an imbibition of water 
by the individual cells. The cells also elongate but do not seem to increase 
in number. With the increase in size of individual fibres there goes hand 
in hand destruction of other fibres, and connective-tissue deposits take the 
place of the atrophied and destroyed cells. Some believe that continued 
strain leads to a replacement of the edema in the muscle by connective- 
tissue. Such changes have been found in the heart of experimental 
adrenalin myocarditis (Pearce, Fleischer and Loeb). It has been held 
that the deposition of fibrous tissue was due to anemia caused by con- 
traction of the coronary arteries and consequent failure of the blood- 
supply. Fleischer and Loeb (Arch. Int. Med., 1909, III, 78 ; 1910, VI, 
p. 427) in a study of experimental myocarditis produced by the injection 
of spartein sulphate and caffein sodium benzoate together with adrenalin, 
believe that the myocarditic changes in the heart are due to excessive 
contraction of the muscle-fibres of the heart and not due to the contrac- 
tion of the coronary vessels. The lesions are almost invariably and always 
most advanced near the auriculoventricular ring in the left ventricle and 
in the tips of the papillary muscles where the strain is greatest. They 
also find that hearts showing such myocarditic changes on macroscopic 
examination were functionally inferior to normal hearts, when placed 
under conditions in which a surplus of work is required. This only bears 
out what has long been known clinically and proved at autopsy. 

Finally, the heart may be weakened by actual atrophy of the organ 
due to decrease in size of the fibres and a degeneration of the cells in 
which granules of hematoidin are deposited in a fusiform arrangement 
around the nucleus. Normally there are a few granules at each pole of 
the nucleus. The heart so atrophied has a muddy brown color, the muscle 
is flabby, it is functionally exceedingly weak. The condition is known 
as "brown atrophy." 
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Weak hearts often develop peculiarities or rhythm. The inherent prop- 
erties of the muscle are interfered with and we find intermittence, irreg 
ularity, and extra contractions. On the venous tracings are found all 
grades of irregularity up to fibrillation of the auricles. The pulse-trac- 
ings may show pulsus altcrnans and pulsus irregularis perpetuus. These 
occur only in severe permanent damage to the heart muscle. Extra 
systoles are frequent. These mean damage to the muscle, although 
Hirschfelder has observed a case of a young athletic man in whose puts«- 
tracings there were frequent extra-systoles. Fr. Mueller (Harvey 
Lecture 1906-1907), however, thinks that so frequently do we find hear! 
failure or arteriosclerosis develop in later years in those who showed in 
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their youth extra-systolic irregularity, that this probably was but a stage 
of evolution in those diseases and therefore is not insignificant. 

Hearts, the subject of valvular lesions, are not necessarily weak hearts. 
So much stress is laid on valvular lesions during one's student days that 
one is apt to get the impression that a valvular lesion dooms the man. 
who has it, to an early grave. Lesions at the several valves naturally 
have different effects upon the functional power of the heart. And of 
great importance is the distinction upon which Prof. Osier lays such 
stress, that of endocarditic origin, meaning the lesion following infec- 
tious diseases particularly rheumatism, and that of arteriosclerotic origin 
following progressive thickening of the valves and marked myocardial 
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fibrous deposits. The prognosis in the former type is much better than 
in the latter tjrpe. 

Valvular lesions in general only affect the heart in that they force the 
heart continually to do more work in order to maintain the circulation 
than the normal heart has to do. The normal heart has a wide range of 
flexibility and g^eat reserve power. The heart with a valvular lesion is 
always encroaching upon its reserve power so that while it may actually 
be a more powerful heart, as in aortic insufficiency, its range of reserve 
power is really less than that of a healthy heart. This may be graf^ically 
shown in the accompanying chart. 

The important point to bear in mind is that it is not the valvular 
lesion which determines the breaking down of the heart but the state of 
the heart muscle. It is not to be understood that hearts with valvular 
lesions are in any sense as strong as normal hearts. They are not as strong 
and they break down under strains which would not affect a normal heart. 
The very fact that there is a valvular lesion means almost invariably that 
the myocardium is more or less diseased, and it is upon that myocardium 
that the individual with the lesion in his heart has to depend for the 
functional power of his heart. The role of the myocardium then assumes 
the very first place in the pathology and pathological physiology of heart 
disease. 

Valvular lesions are so obvious, as a rule, when the heart is examined 
that they focus attention upon themselves and one is apt to forget the 
fact that the muscle is also affected. They serve as a sign-post to warn 
of dangers ahead. Unfortunately, when only the myocardium is diseased, 
we have no means of knowing it until some accident occurs which causes 
symptoms of heart failure. Many a person is going around and doing 
his or her daily tasks with a much diseased heart muscle. We have no 
means of diagnosing it unless the person comes to us for some other 
complaint and we test out the muscular power of the heart under condi- 
tions which in a normal heart would produce no dilatation. Actual symp- 
toms of heart failure are the first indications we have that an individual 
has a weak heart. 

When the heart becomes unable to maintain the circulation regularly, 
one side or the other giving way under some extra load, there is stasis 
of blood. This condition is known as "broken compensation." This 
may be of two kinds, really of three kinds: (1) Broken compensation 
of the left ventricle; (2) of the right ventricle; (3) of both ventricles. 
Necessarily the symptoms vary with the side of the heart which fails. 
If the right side fail the symptoms reveal stasis in the systemic circulation. 
Should the left side fail to do its work the blood collects in the lungs 
and symptoms referable to those organs manifest themselves. 

Broken compensation does not occur in a normal heart however severe 
the exercise may be. Even hearts with evident valvular lesions do not 
break down except temporarily, provided the muscle of the ventricles is 
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not diseased. One may lay down the axiom that broken compensation 
is dependent upon excessive strain placed upon a heart whose muscle is 
the seat of pathological changes which have weakened the muscle. 

The normal heart muscle is capable of becoming acutely dilated on 
frequent occasions. This fact is known to all who have ever had occasion 
to examine boys and young men following violent exercise. The pulse 
may be so rapid that it is impossible to count it. Nausea and vomiting may 
occur or the person may faint from the exertion. So far as we know 
such overstrained hearts return, after a time, to normal size by virtue 
of the tonicity of the heart muscle, and no permanent damage results. 
The essential difference between a heart with a normal musculature and 
one with diseased musculature must ever to be kept in mind. 

We have as yet no means of diagnosing failure of the heart muscle 
until it actually fails. Time and time again are we surprised at autopsy 
to find the heart muscle so full of myocardial changes, macroscopically, 
and so many fibres ruptured and atrophic, microscopically, that we wonder 
how such hearts could have carried on the circulation competently. The 
explanation is that such a heart was not called upon to perform any work 
beyond its powers. We cannot diagnose myocarditis in such a heart 
except by reasoning from autopsy findings. Again there are mild grades 
of breathlessness on exertion and slight oppression beneath the precordial 
region, which are indications that the heart cannot carry even a small 
extra load without becoming dilated and causing some stagnation of 
blood. Severer grades show dyspnea, cough, pain over the liver, swelling 
of the feet, scanty urine, fluid in the serous cavities, etc. Examination 
shows that the heart is dilated, the rhythm is gallop, canter, or embryo- 
cardial in type. The rate is intermittent or irregular or both combined, 
and venous pulse-tracings may show a positive venous wave synchronous 
with the contraction of the right ventricle or a fibrillation of the auricles. 
Various means have been devised from time to time to measure myo- 
cardial changes. It is safe to say that the best authorities do not consider 
them of any great value. Reliance is based on symptoms which the 
patient shows after mild exercise rather than on measuring, with instru- 
ments, blood-pressure, pulse-curves, foot-pound power, etc. "The only true 
numerical criterion of cardiac efficiency is whether a given strain causes 
it to diminish in size (increase in tonicity ^stimulation) or to dilate (de- 
crease in tonicity=overstrain," Hirschfelder) . The mechanism of heart 
failure is too subtle to be caught on graphic records. The sensations of 
the patient are much more valuable indications that the heart has failed 
to do its work. 

From what has been said above, it becomes evident that the myocardium 
plays the chief role in disease of the heart. Valvular lesions mean that 
the heart is working at a disadvantage, its reserve power is not as great, 
but it does not necessarily mean a weak heart. It seems to me that there 
is more than a fine distinction here. It means that every case of heart 
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disease, that is, valvular heart disease must be studied carefull}' as a dis- 
tinct entity and not as one of a group of cases having similar lesions. It 
is just here that there is the important difference between the really good 
physician and the average doctor. Habits of life such as eating, sleep- 
ing, mental work and worry, defecation, sexual excesses, drinking, and, 
in short, everything pertaining to the life of the patient must be most 
carefully and painstakingly inquired into before we can even begin to 
tell him what not to do. No detail is too unimportant for study. When 
we have grasped the fact that there are no unessentials in the history 
of a person with suspected heart failure, and the fact that a loud murmur 
does not necessarily mean real heart disease, and the other important 
fact that the state of the myocardium controls the situation, then we may 
have hopes of assisting many apparently hopeless invalids to useful lives. 
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THE RELATION OF THE TONSILS TO HEART DISEASE. 



By Alb^t Henry Beifeld, M. D., of Chicago. 



Although it is only within recent years that disease of the tonsils — the 
most important organs of the Waldeyer lymphatic ring — has been asso- 
ciated etiologically with infections of the heart and its membranes, oc- 
casional observations were made as early as 1865. Fernet/ at that time 
noted the occurrence of an "rheumatic pharyngitis" and classified "rheu- 
matism of the throat" as part of the rheumatic syndrome, by virtue of 
which fact he became one of the first to bring to notice the relation of 
tonsillitis to acute heart disease, Bouillaud^ having established the in- 
evitable connection of rheumatic fever and endocarditis and pericarditis. 
Lasegue,* saw in the nature of the tonsillitis, with its suddenness of 
onset, an intensity of local discomfort all out of proportion to the visible 
signs of the disease, the probability of a following rheumatism. 

These communications do not seem to have attracted much attention 
at the time, — surely not outside France, — since one of the first English 
clinicians to have published similar observations was Kingston* in 1880. 
After him, however, the publications have multiplied until at the present 
time the relationship between these two conditions has been quite gen- 
erally accepted. Still it requires no more than a cursory perusal of the 
monograph on rheumatism by Maclagan in the "Twentieth Century 
Practice" (1895), classified under Nutritional Diseases, to see that there 
were some who were slow to recognize this coincidence; for, in the 140 
pages given over to the discussion of complex theory of origin, clinic, 
and treatment of this ailment, nowhere is mention made of the tonsil 
as a possible atrium of infection. 

In Germany, strange to say, recognition of the relationship between 
these two infections did not take place until considerably later, the first 
reports^ being said to have appeared in 1892. Henoch,' in his chapter 
on rheumatism, casually remarks the incidence of an occasional preced- 
ing tonsillitis. Roos^ reports 2 cases and lays stress on the fact that 
this important element has been neglected. Singer* in 1897 states that 
of 66 cases of acute articular rheumatism, 26 were preceded by tonsillitis. 

As later researches have clearly proved that endocarditis may be caused 
by the various pyogenic micro-organisms as streptococcus, pneumococcus, 
staphylococcus, gonococcus, etc., it remained merely to establish the iden- 
tity of the organism of rheumatic endocarditis. The bacillus of Achalme 
has not been found by other investigators ; in its place there has been iso- 
lated from cases of rheumatism a diplococcus, which seems to stand some- 
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where between the pneumococcus and the streptococcus. Mantle, Klebs,* 
Singer and Loeffler have done the pioneer work in this field. Poynton and 
Payne/*^ *^ ^^ have been the latest to hold to a distinct organism as the 
cause of rheumatic fever, and, besides cultivating it from the blood of 
patients suffering with rheumatic fever, have also isolated it from the 
tonsils of such patients. Triboulet and Coyon^' in 1898 produced mitral 
disease in rabbits by the injection of an organism cultivated from the 
blood of a patient suffering with acute articular rheumatism, as did 
Poynton and Pa)me. Cole,** however, was able to produce similar results 
with the streptococcus and concludes that this organism is the infecting 
agent. 

Study of the tonsil flora has thrown some light on this knotty problem. 
While Poynton and Payne have found their "micrococcus rheumaticus" 
on the tonsils, other observers, recognizing that there is much variation 
of strain, have been willing to identify the cocci found as streptococci. 
Ruediger,*^ found the streptococcus pyogenes in small numbers in 60 
per cent, of apparently normal throats, and, constantly in great 
abundance in the throats of patients suffering from scarlet fever 
and tonsillitis. Davis*^ in a careful study of tonsils removed from 
45 cases of endocarditis, etc., found that the crypts in almost all cases 
yielded the streptococcus in pure or almost pure culture, while on the 
surface the pneumococcus predominated. The virulence of the organ- 
isms was evidenced by the production of endocarditis and arthritis on 
intravenous and intracardiac injection of animals. Interestingly enough, 
a pneumococcus produced mitral endocarditis in a rabbit, although no 
heart lesion existed in the patient from whom the coccus was obtained. 

The nature of the tonsillitis preceding rheumatic disease is described 
by most authors as showing a marked degree of injection, and but rarely 
any pus formation; in other words, such an inflammation as we should 
expect to be caused by an organism of the streptococcus type. Bach- 
hammer,*'' in 37 post-mortem examinations of cases of septic and chronic 
recurring and verrucous endocarditis, found the most varied pathological 
changes in the tonsils, such as pus in the crypts, old purulent and gan- 
grenous tonsillitis, and scars of old lesions. The failure to make control 
observations, however, weakens the object of the investigator in trying 
to demonstrate the obligate connection of the lesions and disease of the 
heart, and of other organs. Guerich,*® *® in several interesting com- 
munications, has put forth the view that the crypts are the seat of a 
chronic inflammation, and to this he has applied the term "chronic fossu- 
lar angina." He believes that lacunae harbor pathogenic bacteria which 
may at intervals infect the body through the lymph or blood-stream, 
reaching the endocardium via the coronary vessels.^® According to his 
views most individuals have this form of angina; from which source 
they become infected when for some reason the resistance is lowered. 

That bacteria may pass through the intact epithelium is seen in the 
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work of Stohr.^^ Grober^ calls attention to the fact that in the act of 
swallowing, the increased pressure on the tonsils may be an accessory 
factor in forcing bacteria into the body of the tonsils. Thence, they 
travel to the regional lymph glands or they may also be caught in the 
blood-stream and thus enter the general circulation. 

At this point a slight digression may be permissible to call attention to 
the recent views as to the functions of the tonsils. Levinstein^^ reviews 
the literature, and concludes that the view that these organs play a role 
in the protective mechanism against infection is the piost probable one. 
Good,^* without adducing the slightest evidence of a scientific nature, 
declares that the early immunization of the individual against infection of 
the upper respiratory tract is the chief function of the tonsils. How- 
ever plausible such an explanation may sound, it cannot claim credence, 
supported as it is by the mere statement of its sponsor. 

The difficulty experienced by earlier investigators in isolating an etio- 
logical organism in these cases, led to the idea that toxines might be 
responsible for the manifestations of rheumatism and endocarditis. Such 
views are presented by Chvostek and Singer.^® The experiments of 
Fulci,^® however, seem to show conclusively that injections of the most 
varied bacterial and other toxines, as well as of nucleoproteids and dead 
bacteria, even when the heart valves were injured, were incapable of pro- 
ducing endocarditic changes. 

While the literature abounds in articles on rheumatism, rheumatic en- 
docarditis, chronic ulcerative endocarditis and pericarditis, it is note- 
worthy that in but few of these is a serious attempt made to establish 
the fact of the tonsils being or not being the portal of entry of the in- | 

fection. Poynton^^ finds sore throat in 10 (23 per cent.) of 43 cases 
of rheumatism in children under five years of age, and in analysing 100 
cases of suppurative pericarditis takes no account of the possibility of 
the tonsils being the source of infection. Osler,^® in 10 cases of chronic 
infectious endocarditis, notes the pre-existence of tonsillar inflammation 
in but one case, and is satisfied with the mere mention of the fact that 
there was a history of rheumatism in childhood in 5 cases. Horden,^ in 
analysing 150 similar cases, states that 72 gave a history of rheumatism, 
but does not regard the question of tonsillar infection of sufficient im- 
portance to refer to it. Raeger,^^ on the other hand, noted that in a series 
of observed cases of tonsillitis 8 per cent, were followed by permanent 
valvular lesions, without the occurrence of an intermediate rheumatism. 
Packard'^ also early reports 5 cases of endocarditis following tonsillitis. 
Rachford^^ describes a case in which, after repeated attacks of tonsillitis, 
scarlet fever developed with especially severe throat symptoms. Two 
months after the onset of the disease, a severe tonsillitis recurred and 
following hard upon it, septic endocarditis which led to the death of 
the patient. Pearson^® had a case of streptococcal pericarditis (and 
colitis) following tonsillitis. Billings,^* in 14 cases of chronic infectious en- 
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docarditis, was able to establish the tonsils as the atrium of infection in 2 
of them. Thiis,^^ in a statistical study^ found that in 288 cases of rheu- 
matic arthritis^ 19 per cent, had had previous tonsillitis, while of 258 cases 
15 per cent, developed endocarditis, pericarditis, or both. 

As early as 1884, Blyckaerts'* advocated the use of sodium salicylate 
in the prodromal affections of acute arthritis. Since then, as the salicy* 
lates have established for themselves a distinct place in the therapy of 
the rheumatic syndrome, there has grown the feeling that they are of 
service in diminishing the severity of ensuing cardiac complication. As, 
however, no convincing proof of this has been brought forward, they are 
administered on purely empiric grounds. Some attempts at prophylaxis 
and local antiseptic treatment of the buccal cavity have of course been 
made, as, for instance, the use of guaiac preparations by Zeuner.'^ Paralde- 
hyde troches are also enjoying vogue. Campani^® believes that the 
brushing the teeth, gums, and tongue each night with sodium bicar- 
bonate will prevent the tendency to recurring tonsillitis. Melzi^® urges 
the administration of brewers' yeast in sweetened milk. Wadsworth*® 
showed in experiments that alcohol was the only efficient antiseptic against 
the resistant pneumococcus. 

Such methods are of avail, of course, only in attacking the surface 
micro-organisms. It remained for Guerich*^ to introduce the interesting 
— if radical — treatment of actually removing the tonsils in all cases 9f 
acute articular rheumatism and, indeed, at the first signs of the disease. 
His methods were quite crude as compared with the simpler enucleation 
of the present day, a fact which he then realized, especially when he 
emphasized the disadvantage of tonsillotomy. The idea of removing 
the tonsils during the height of an acute febrile disease — a grave infection 
— ^has not commended itself to the general mind. The author himself 
calls attention to the "reaction" following the operation and calls it an 
"experimentally produced articular rheumatism." He does not consider 
it of the slightest serious import, even though it may last as long as 
four days. According to the enthusiastic reports of this country prac- 
titioner, the course of all cases is, except for the reaction, materially 
shortened. If this be true, we may assume that the likelihood of cardiac 
complication would likewise be distinctly diminshed. Schichhold^ 
praises this therapy, applying it with discrimination and apparently pre- 
ferring the more conservative procedure of slitting the crypts in certain 
cases. Curschmann*® also is impressed with the possibilities of the 
method. Prym** was one of the first to apply the Bier-Klapp suction 
method to disease of tfie crypt. Levinstein*^ finds that in cases of chronic 
recurring tonsillitis the searing of the affected crypts with the pointed 
galvano-cautery (introduced by Voltolini) will often in the most sur- 
prising fashion put an end to the infection, even after all other methods 
have failed. The fact that one treatment will not infrequently suffice 
causes him to read much good in this relatively simple and harmless 
intervention. 
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It would be superfluous to review the literature on the B]umerous 
methods of complete enucleation of the tonsils, at present the operation 
of choice of the American operator. Suffice it to say that the tonsils 
are at present most often removed because they are enlarged, rather 
than because when infected they become a grave menace to the indi- 
vidual. There does not seem to be as yet a crystallized opinion that 
tonsillectomy should be urged as a prophylaxis against cardiac disease. 
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Recent literature has not revealed any new or startling changes in the 
views concerning the intricate relation of pregnancy and labor to the 
normal or diseased heart. Rather gradually have we been persuaded thai 
most of the older writers have exaggerated the dangers of impregnation 
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for the woman suffering from a cardiac disease. "No marriage for the 
unmarried, no pregnancy for the married, no nursing for the confined" 
is a harsh rule laid down by a French writer and quoted in many text- 
books, but lately usually with the restricting statement, that it is not 
entirely compatible with the results of recent investigations. 

In studying the mutual influence of pregnancy and cardiac disease upon 
each other the following points are of main importance: 1. The effect 
of normal pregnancy upon the normal heart ; 2. The effect of a patholo- 
gical pregnancy upon the normal heart; 3. The effect of pregnancy and 
labor on the diseased heart ; 4. The effect of cardiac diseases on pregnancy ; 
5. The treatment of heart disease complicated by pregnancy, with special 
consideration of the question of artificial abortion; 6. The management 
of labor, and 7. The problem of matrimony for the sufferer of a heart 
lesion. 

The Effect of Normal Pregnancy upon tlie Normal Heart. — According 
to Hirschfelder, the effect of pregnancy upon the heart is influenced by 
several factors. The gradual pushing upward of the diaphragm as the 
uterus gjows causes the heart to assume a more transverse position, 
raising the apex usually to the fourth interspace. A reflex vagus inhibi- 
tion is often present. During pregnancy the heart is forced to put forth 
increased efforts. Slemons and Goldsborough have confirmed Fellner's 
previous findings, that during pregnancy the average blood-pressure, 
pulse-rate and cardiac output are larger than in the non-pregnant woman. 
Hirst found in 100 non-pregnant women the blood-pressure, measured 
with Faught's instrument, to average 112 mm. Hg. In 100 normally 
pregnant women, who at no time showed albuminuria or any constitu- 
tional sign of toxemia, the pressure was found to be 118. In the last 
third of pregnancy the blood-pressure seems to rise gradually, averaging, 
in the middle of the last month, 124. According to Slemons during the 
labor pains there is often a rise of 50 mm. Hg. in the maximal pressure, 
though these elevations are of short duration. 

The increase in size of the heart, supposed to represent a hypertrophy 
developed as a result of the prolonged increase in work, as Hirschfelder 
states, is probably due in part to dilatation of the heart, and in part only 
suggested by the increased area of dullness resulting from the change in 
position of the heart. James Mackenzie has shown that the dilatation 
during pregnancy affects the right heart particularly, and that in very many 
cases even of otherwise normal women a definite insufficiency of the tri- 
cuspid valve may appear, disappear and reappear. The presence of this 
insufficiency is shown both by the positive venous pulse and the systolic 
murmur in the tricuspid area. In this connection Link's article must 
be mentioned, calling attention to the frequent appearance of accidental 
non-organic murmurs during pregnancy. Examining 330 apparently 
healthy pregnant women he was able to detect an accidental murmur in 
41 (12.4 per cent.). Only in 3 of them, one being markedly chlorotic. 
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this murmur could be heard after labor. Discussing the various theories 

offered in explanation of this phenomenon, he comes to the conclusion that -^ 

this murmur is caused by a slight kinking of the larger vessels, especially 

the pulmonary artery, as the result of that peculiar dislocation of the heart 

during pregnancy. It is obvious that special care must be taken in the 

differentiation of this accidental murmur from one produced by a mitral 

insufficiency. In the latter the murmur is most distinct over the apex 

and less pronounced over the pulmonary artery. The non-organic murmur 

of pregnant women is practically limited to the area of the pulmonary 

artery. 

Moran considers it quite possible that varying degrees of temporary 
dilatation of the heart occur in pregnancy, similar to that appearing after 
great exertion. In this manner the cardiac mechanism is capable of main- 
taining the circulatory equilibrium without undergoing appreciable hyper- 
trophy or increasing markedly the blood-pressure. 

The Effect of a Pathological Pregnancy upon the Normal Heart. — 
Interest in the question of the effect of a pathological pregnancy upon 
cardiac function has been awakened with the introduction of reliable 
and practical instruments for measuring the blood-pressure. We have 
already referred to Hirst's investigations concerning the normal blood- 
pressure in pregnancy. In 39 women suffering from eclampsia, and in 
18 others with a marked albuminuria he found the pressure at its lowest 
at 142 mm. Hg. The highest blood-pressure recorded in a woman without 
eclampsia was 192 mm., the highest in a woman with eclampsia was over 
320 mm. Starling is convinced that during the whole period of a normal 
pregnancy the blood-pressure remains approximately normal, i. e., varies 
between 110 and 120 mm. Any rise above 125 would make him sus- 
picious that the pregnancy was not quite normal and would put him on 
the look-out for some degree of toxemia. Of course, any rise at the 
beginning of labor or during its course is due entirely to the pain or 
muscular exertions. According to Green, in impending, mild, and acute 
cases of eclampsia the blood-pressure increases markedly and falls after 
delivery as the symptoms subside. In very grave and fatal cases there 
is an extreme increase in the pressure. In eclampsia the blood-pressure 
seems definitely related to the type of case and, therefore, its observation 
is of value in prognosis and treatment. In cases of chronic nephritis, e. g., 
the toxemia is relieved by delivery, but the cause it not removed, and in 
these cases the pressure remains at an abnormal height. There are other 
non-toxic renal conditions observed during pregnancy, differentiable by 
the persistently low blood-pressure. 

The Effect of Pregnancy afid Labor on the Diseased Heart. — In the 
belief of the internist, pregnancy is one of the most serious complications 
of cardiac disease. So eminent a physician as Leyden claimed that about 
40 per cent, of all women with serious heart lesions meet their death in 
connection with childbirth. In the light of very large statistics compiled 
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by obstetricians, such views are erroneous and greatly exaggerate the 
actual dangers. Investigations made by Fellner on the immense material 
of Schauta's clinic, and to-day quoted by every contributor to this sub- 
ject, have led to a distinct change of opinion. Fellner believes that in 
obstetrical work only in about 14 per cent, of the cases is the presence of 
the heart lesion actually recognized, while probably in 86 per cent, of 
the cases this complication is overlooked because the cardiac symptoms do 
not become manifest. The infrequency of heart disease during pregnancy, 
Moran writes, emphasizes the importance of a thorough physical examina- 
tion of the patient and constant supervision during gestation, in order 
that the complication may be promptly detected, and such measures under- 
taken in the interest of the mother and infant as the exigencies of the 
case may determine. Reference must be made in this connection to the 
fact that the introduction of Momburg's belt constriction makes the careful 
examination of the heart of every pregnant woman imperative because the 
application of the belt is strictly contraindicated in the presence of any form 
of cardiac anomaly. But during pregnancy unusual difficulties present them- 
selves in the diagnosis of minor cardiac lesions and in the detection of a 
break in compensation, probably the most important feature from a prac- 
tical point of view. There are a change in the position of the heart, 
changes in the area of dullness, changes in pulse-rate and blood-pressure 
and frequently, as mentioned, accidental murmurs appear, or even a 
"physiological" relative tricuspid insufficiency of muscular origin (Mac- 
kenzie) may exist. Edema of the lower extremities or even of the geni- 
tal organs may be caused solely by the pressure of the heavy uterus 
against the pelvic veins. In the last third of pregnancy dyspnea is rather 
commonly met with. The diagnosis of a broken compensation during 
pregnancy, therefore, as Hirschfelder states, depends upon signs which 
are relative rather than absolute. "Dyspnea and cyanosis on very slight 
exertion, such as quietly walking a distance of a few hundred yards or 
less, walking up a few stairs, etc., and the presence of a small rapid pulse, 
persistent cough, enlargement of the liver, and edema of feet and legs 
may be regarded as the most important symptoms. The earlier in preg- 
nancy they occur, the more alarming they are.'* 

The dangers of heart lesions in pregnancy, according to Jaschke who 
made a very extensive study of the question, in general is overrated. 
Valvular lesions, at least, are not as dangerous as is often stated, and this 
also holds true for the mitral stenosis. Quite different is the situation 
in regard to diseases of the heart muscle, especially in the cases of chronic 
myocarditis due to infections or intoxications. They often lead to serious 
complications. In the opinion of Cameron, the primiparity or pluriparity 
of the patient (representing a marked difference in duration and severity 
of labor), her general health and nutrition, the condition of the kidneys, 
the amount of compensation present and the ease with which it is upset 
or restored, the patient's ability to remain quiet in bed free from exertion 
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and excitement, and the way in which she responds to treatment — all 
these things are of more importance in estimating the probable outcome 
than the kind of anatomical lesion present. Similar views we find ex- 
pressed by Harrar : While the complication of pregnancy and labor with 
failing or lost compensation is not very common, it is of greatest im- 
portance because the mortality both of mothers and children under these 
condition is very much greater than is commonly supposed. The partic- 
ular nature of the cardiac lesion does not seem of great importance as 
regards the prognosis. The prognosis is distinctly impaired in the pres- 
ence of a renal lesion. Among recent writers we find only Wenczel ex- 
pressing the belief that his own experience bears out the claim generally 
made that a mitral stenosis offers special dangers. The particular natufe 
of the heart lesions, as Moran points out, has considerable bearing on the 
clinical phenomena resulting from them. Mitral insufficiency predisposes 
to asystole and edema, aortic insufficiency to syncope and epistaxis, while 
mitral stenosis may lead to cerebral embolism, post-partum hemorrhage 
and hemiplegia. Pouliot discusses the special danger of an acute edema 
of the lungs, one of the gravest complications of parturition, both for 
mother and child. The resulting asphyxiation of the mother invariably 
leads to the intrauterine death of the fetus. 

The two main dangers arising from the complication of a cardiac lesion 
with pregnancy are the break of compensation, already referred to, and 
degenerative changes in the myocardium with consequent cardiac fail- 
ure. Mackenzie emphasizes the importance of this fact. If it be borne 
in mind that heart failure is essentially a question of the integrity of the 
heart muscle, a better standpoint will be obtained for judging these cases. 
The valve lesion in the great majority is at the most only an embarrass- 
ment to the heart in its work, and one which it may easily overcome. The 
presence of the lesion, however, is important in that it calls attention 
to the heart and may remind us that the disease which has injured the valve 
may also have injured the muscle. Our object must be to find out in these 
cases the extent of the lesions to the muscle, and how far the valve lesion 
embarrasses the muscle. Given a fair response to increased efforts with 
no or little enlargement of the heart, then pregnancy need have no terrors. 
If the response is limited, if palpitation is readily induced by exertion, 
opinion should be suspended until the result of treatment is ascertained. 
If the condition does not improve then the outlook is not hopeful. It must 
be kept in mind that patients with valvular lesions may suffer from 
most severe heart failure (dilatation and extensive dropsy), and make 
such good recoveries, that repeated pregnancies may be undertaken with 
impunity. Mackenzie calls attention to the fact, undoubtedly often over- 
looked by the obstetrician, that after the delivery is over the patient is 
not out of danger, for symptoms of severe heart failure may supervene 
any time within the next three weeks. 

The Effect of Cardiac Disease on Pregnancy, — The effect of a cardiac 
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lesion on a coexisting pregnancy finds its most pronounced expression in 
the premature expulsion of the uterine contents. It is this fact 
which accounts chiefly for the high fetal mortality of a com- 
plicating maternal heart lesion given by Harrar as 33 per cent. 
Fellner, whose figures are very low, places the frequency of premature 
spontaneous termination of pregnancy at 20 per cent., other writers at 
from 40 to 60 per cent., e. g., Blacker at 44 per cent. Jaschke, who 
contributes the most thorough of recent studies, even believes that valvu- 
lar lesions do not seem to predispose to premature termination of preg- 
nancy. Abortion actually seems to occur only if the compensation becomes 
disturbed. The spontaneous premature termination of pregnancy is as- 
cribed to various causes. Circulatory disturbances lead to congestion of 
the endometrium. Rupture of vessels results in apoplexies of the placenta 
or hemorrhages between placenta and decidua. The prevalence of pla- 
centa circumvallata in cardiopathies has been explained by circulatory 
difficulties in the peripheral portions of the placenta. If placental respira- 
tions is interfered with or the oxidation of the maternal blood becomes 
defective, the fetus may die in the uterus from asphyxiation. In some 
instances the carbon-dioxide intoxication of the mother causes premature 
uterine activity. 

The Treatment of Heart Disease Complicated by Pregnancy, with 
Special Consideration of the Question of Artificial Abortion. — ^While most 
writers agree that a cardiac lesion during pregnancy calls for the cus- 
tomary general and medicinal treatment without any special consideration 
of the coexisting pregnancy, the same consensus of opinion is lacking in 
regard to the value of artificial interruption of pregnancy in certain cases. 
Clinicians, like Leyden, who believe that pregnancy places every cardio- 
pathic woman in great danger, plead for an extensive use of artificial 
abortion early in gestation. As a rule, obstetricians are more conserva- 
tive. The gravest dangers to the mother undeniably develop during labor 
itself, and this fact should be kept in mind whenever the termination of 
pregnancy is considered. It makes the prognosis of interference less 
favorable in all serious breaks of compensation when the thought of ob- 
taining relief by emptying the uterus suggests itself most forcibly. Hence, 
artificial interruption of pregnancy cannot be accepted as a routine pro- 
cedure. However, there is no doubt that this radical form of treatment 
is permissible and \srill prove advantageous under certain conditions. The 
indication for the operation will be ascertained by careful treatment and 
by careful study and observation of its effect in the individual case. If 
interruption of pregnancy has been decided upon, that method should be 
resorted to which will guarantee the shortest labor and the least strain 
on the patient. 

Blacker thinks that in the great majority of instances the ordinary 
medicinal treatment suffices, and that only in the cases of exceptional 
severity the induction of abortion or of premature labor becomes neces- 
sary. According to Harrar interruption of pregnancy is seldom expe- 
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dient. He enumerates the following indications for interference: (1) If 
compensation fails badly before the sixth month of pregnancy; (2) if 
compensation is not regained after a month's rest in bed with use of the 
customary medicinal and general therapeutic measures; (3) at or after 
the thirty-sixth week of pregnancy in an attempt to ensure an easier labor ; 
(4) in desperate cases, or when patient is moribund, for the purpose of 
saving the child. Jaschke believes that only serious decompensation, 
occurring possibly only in one per cent, of all cases, may justify artificial 
termination of pregnancy. The most complete description of the medicinal 
and general treatment of these cases is given by Hirschfelder. As long 
as compensation is good the patient should merely be carefully watched 
but no medication need be resorted to. At the first sign of cardiac weak- 
ening or dilatation (dyspnea and cyanosis, etc., on slight exertion), abso- 
lute rest should be insisted on and digitalis or strophanthus should be 
given. This procedure should be insisted upon even if the diagnosis of 
orgfanic valvular lesion is not definite, for these procedures will afford 
quite as much relief in cases of functional tricuspid insufficiency. More- 
over, they should be repeated at the slightest indication, especially toward 
the end of pregnancy. It is advisable to give in such cases a few pro- 
phylactic doses of digitalis when labor seems imminent, or a few doses of 
strophanthus at the beginning of labor pains, so as to have the tonus of 
the heart muscle at its optimum by the time the strain of the second stage 
of labor is imposed upon it. At periods of acute dilatation, and especially 
when pulmonary edema sets in, venesection affords the greatest relief. 
If cardiac symptoms disappear the patient may gradually be allowed up 
and around, but she must be more careful than before, and if signs of 
a second break in compensation occur, termination of the pregnancy should 
be seriously considered. . This is especially true in cases of mitral stenosis 
in which the cardiac accidents of pregnancy are particularly frequent. 
Hirschfelder thinks that Fellner's strikingly low mortality in this particu- 
lar type of cardiac lesion is probably due to the practice of the Schauta 
clinic, to terminate pregnancy in cases of mitral stenosis as soon as the 
slightest signs of broken compensation appear. 

The Management of Labor, — In the presence of an uncompensated 
heart lesion, labor must be managed with particular care. If there is the 
slightest sign of heart failure, Mackenzie writes, the patient should be 
instructed not to bear down, and chloroform should be- administered very 
early, the anesthesia being gradually deepened. As soon as it is feasible, 
forceps should be applied, and gentle, firm traction intermittently main- 
tained until delivery is effected even if forceps have to be on for a con- 
siderable time. "I have never seen the slightest risk from chloroform in these 
cases." And I may quote here a sentence written by Hirschfelder : "As 
in other conditions, ether is preferable to chloroform when the heart is 
diseased." 

Most writers advise shortening of the duration of labor, especially of 
the most dangerous second stage, by manual or instrumental dilation of the 
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cervix, by applying the forceps, or resorting to version and extraction. 
Patients with a pronounced dyspnea feel more comfortable in a high 
reclining position during labor. It is a generally accepted practice to 
bandage the patient's abdomen or to place a heavy sandbag (8 to 10 lb.) 
upon her abdomen as soon as the baby is bom. This is done for the pur- 
pose of preventing a too rapid fall in the blood-pressure by a sudden 
filling of the abdominal blood-vessels. Such treatment will be most ef- 
fective if the sandbag is placed on the abdomen before the fetus is ex- 
pelled. Harrar advises the application of the forceps with the patient in 
the sitting position. If in the third stage the pulse becomes irregular and 
weak with evidence of a dilatation of the right heart, a post-partum hemor- 
rhage is to be encouraged. For this reason many writers advise against 
the use of ergot after labor in these cases. Occasionally when the pulse 
is small and weak without symptoms of dilatation of the right heart, the 
tight abdominal binder is strictly indicated. Jaschke, whose very con- 
servative views have been recorded repeatedly in this article, states that 
during labor a complicating heart lesion can be considered neither an 
indication for, nor a contraindication against operative interference. In 
view of the possible grave danger of a suddenly developing pulmonary 
edema, Pouliot advises to be in readiness to hasten delivery by instru- 
mental measures, if necessary. He emphasizes that salt solution, when- 
ever required, should be given only in fractional doses and subcutaneously, 
never intravenously. Asphyxiation is best combated by immediate vene- 
section, withdrawing at least 500 grms. of blood. The danger from loss 
of this amount of blood when the woman already has lost a considerable 
quantity is much less than the danger from the acute edema of the lungs. 
The heart should be maintained in serious cases in the meanwhile with the 
usual tonics. He advises injecting up to 10 c.c. of a 10 per cent, solu- 
tion of camphorated oil, which is not only a vigorous tonic for the heart, 
but also has a sedative action on the respiratory spasm. 

Brief mention must be made in this connection of the attitude of various 
writers concerning the advisability of permitting mothers suffering from 
heart lesions to nurse their children. It seems obvious that in very serious 
cases breast-feeding is contraindicated. While in less serious cases the 
placing of the child on artificial food ensures to the mother more quiet 
and rest, which may seem advantageous, it must not be forgotten that 
this expected advantage may be more than offset by mental anxiety and 
worry of the mother, if the usual difficulties are encountered with the 
artificial feeding of the child, which in these instances often is born in 
a weak and frail condition. 

The Problem of Matrimony for the Sufferer of a Heart Lesion. — A 
striking disharmony of opinion still prevails concerning the one eminently 
important problem of matrimony for the girl suffering from a cardiac 
lesion. I have already quoted the French writer who unconditionally 
denies to the cardiopathic woman the right to marry. Among recent 
writers I find only Moran taking a similarly radical attitude. He is 
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firmly opposed to marriage, "for no matter how well compensated the 
lesion is, pregnancy always exerts a baneful influence, exposes the patient 
to the danger of toxemia and dystocia, while if she passes safely through 
childbirth she may be left with a crippled heart for the remainder of 
her life." Such an attitude seems indefensible. First of all, matrimony 
and pregnancy are not identical terms. Reliable statistics furthermore 
prove convincingly that a large number, in all probability the largest 
majority of women with well-compensated lesions, pass through preg- 
nancy without any noticeable ill effect. Marriage to many girls means 
an improvement of their social conditions, it may mean a life of compara- 
tive ease as compared with the possible necessity of earning a living by 
work. These are factors worth considering when the physician is asked 
the question whether a certain girl should be permitted to marry. The 
indiscriminate denial of marriage to all women having valvular lesions 
would imply inexcusable injustice to many of them. 

In cases of valvular lesions, Blacker writes, heart failure will occur 
sooner or later, but whether its onset will be precipitated by childbearing 
admits of argument, and it is doubtful if the risk of this is so marked 
as to justify denying her the right to marry. In the opinion of Jaschke 
a compensated heart lesion offers the right to prohibit matrimony only 
in the presence of a concomitant pulmonary or renal disease. In view 
of the undeniable dangers of an accompanying myocardial affection, how- 
ever, he emphasizes the necessity of careful functional tests before per- 
mission to marry is granted. He also believes that an essential paroxysmal 
tachycardia will make it advisable to counsel against matrimony. To 
avoid the dangerous complication of an acute pulmonary edema during 
labor, Pouliot would exclude from marriage the girls who have an ad- 
herent pericardium, and those in whom a mitral lesion is complicated 
by an albuminuria. I shall close with a quotation from Mackenzie: 
"The nodal rhythm should be a bar to pregnancy in all cases. Although 
the valvular lesion by itself is not a contraindication, yet the particular 
valvular lesion influences the decision when it is combined with indications 
of muscle failure. Thus aortic lesions are very serious unless there be a 
good intact heart muscle. Mitral stenosis, when there is only a presystolic 
murmur and good effective muscle, is no bar; but if there is also a dias- 
tolic murmur, then unless the muscle is very good, pregnancy should not 
be permitted, as the diastolic murmur points to a progressive narrowing 
of the orifice." 

Consistently, only the question of permission to become pregnant should 
be considered in relation to the problem of cardiac disease. Very often 
the physician is called upon to act as judge after marriage has been con- 
summated, often after one labor has brought the patient into a serious 
condition. He will have to decide whether the prevention of impregnation 
seems permissible, desirable, or is absolutely necessary, and in the latter 
situation will have to consider the temporary or permanent sterilisation 
of the patient by operative means. 
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TREATMENT OF CARDIAC DISEASE IN CHILDHOOD. 



By Isaac A. Abt, M. D., of Chicago. 



In a brief paper on the treatment of cardiac diseases of infancy and 
childhood, it will not be possible to cover the entire field. It will, how- 
ever, be the aim to point out some of the striking differences which exist 
between the cardiac diseases of infancy and childhood and adult life; 
and call attention to the most important points in the treatment. 

The blood-pressure in the child's cardiovascular system is relatively 
low. It is an old observation^ credited to Beneke and verified by Baginsky, 
Von Dusch, Bednar, Engel and others, that in childhood the cardiac 
cavities are small and the arterial bed is wide. At about the time of 
puberty the condition becomes reversed and the adult type of large heart 
and relatively small arteries is established. It may be noted in passing 
that it is at the period of puberty that so many children show signs of 
failure in compensation. Possibly the change in cardiac function will 
explain the decompensation at this time. Little can be said of, and 
much less can actually be done in the congenital heart affections, and 
consequently their treatment will not be brought up for consideration. 

The most frequent cause of acquired heart disease in childhood is 
rheumatism, though Concetti inveighs against the rheumatic theory. He 
believes that some children are congenitally predisposed to the acquire- 
ment of cardiac affections; and for this reason he considers that some 
children are bom with a cardiac dystrophy, which predisposes to cardiac 
inflammation. While we must concede the possibility of some children 
showing greater resistance against heart disease than others, neverthe- 
less the clinical fact, that heart disease is for the most part a rheumatic 
inflammation, is well established. I have seen several instances where all 
of the children of a family fell ill at different times with rheumatism and 
subsequently were attacked with inflammatory cardiac affections. Chorea 
should not be ascribed as an etiological factor, because it is generally 
agreed that chorea, like the cardiac affections, is in most cases a mani- 
festation of rheumatism. Rheumatism is not the only cause of acute 
cardiac disease. 

Acute follicular tonsillitis bears a close and undoubted causal relation 
to endocardial inflammation. Scarlatina, pneumonia, and the other acute 
infections, as typhoid, measles, and variola, are occasionally causative 
factors. Gonorrhea, which is comparatively rare in children, does not 
have the importance in the production of this variety of inflammation that 
it has in adults. 

In my series of cases observed at the dispensary, scarlatina seemed 
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the etiological factor in 9 out of 30 cases. This is a large percentage, and 
is to be explained by the fact that scarlatina had been very prevalent in the 
neighborhood of this dispensary. 

The tuberculous endocarditis of general miliary tuberculosis is not a 
common condition. 

Rheumatism is rare under three years of age and under two years is 
almost unknown. It occurs with increasing frequency after the sixth 
year. Nevertheless, malignant endocarditis does occur even in infancy 
as a result of sepsis. In children, the rheumatic affections of the joints 
may be very indefinite. The child may complain only of slight pain, or 
there may be some painful affections of the limbs, which are interpreted 
as growing pains. The rheumatic manifestations may appear so mild 
and ill-defined that they escape detection, and yet before one is aware, 
the child may be attacked with breathlessness, precordial distress, and 
the physical signs of a valvular lesion. I recently saw a little fellow of 
six years of age who complained for several days of severe headache, 
frontal and occipital neuralgia, and somewhat obscure abdominal pain, 
together with moderate elevation of temperature. Several days elapsed 
before joint pains were complained of. About this time he had slight 
dyspnea and precordial pain; the physical examination revealed some 
enlargement to the right, with a moderate hypertrophy to the left, and 
a soft, blowing mitral systolic murmur. 

In children as in adults endocarditis may be divided into the simple and 
the malignant, or- septic. The former occurs usually as a manifestation 
of rheumatism, scarlatina, pneumonia and other* infections. It usually 
leads to valvular lesions. Septic endocarditis usually occurs in associa- 
tion with some septic process in another part of the body, which leads to 
more or less erosion of the valve, and usually terminates fatally. The 
left side of the heart is more frequently involved than the right. 

In children, the inflammatory process is not always confined to the 
endocardium. Indeed, the myocardium and pericardium are sometimes 
simultaneously involved, leading to a condition which the English writers 
have aptly termed "carditis.** 

Pericarditis is frequently associated with acute endocarditis. Its pres- 
ence is made manifest by the occurrence of pain, though in the subacute 
variety of pericardial inflammation there may be little or no pain, and 
children may be up and about during the entire attack. Pericarditis, 
in association with acute endocarditis, usually renders the course of the 
disease more severe and makes the immediate, as well as the remote, 
outlook for recovery more unfavorable. Children with acute peri-endo- 
carditis may show great nervousness and delirium. The temperature is 
high and dyspnea considerable, the face pale and the expression anxious. 

In pericarditis the heart is usually dilated, the heart muscle being soft 
and flabby and showing well-marked inflammatory changes. It is due to 
this "carditis" that cardiac dilatation is almost universally present. It 
is because of the inflammatory and degenerative changes which occur 
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in the cardiac muscle, that pericarditis is an unfavorable complicatioi 
The increase in cardiac dulness is one of the earliest physical signs. Tt 
dulness may extend upward as far as the second intercostal space and f< 
an inch outside the nipple line and an inch or more external to the rigl 
sternal line. It is frequently thought that this increase in size is dt 
to an effusion. In a certain proportion of cases this is true, but, in tl 
vast majority of instances of rheumatic pericarditis, the increase in size ( 
precordial dulness is to be attributed to cardiac dilatation. 

Poynton and Lee show, from an analysis of the post-mortem recor( 
of 150 cases of fatal rheumatic heart disease in children, that cardi? 
dilatation is usually present and marked excess of pericardial fluid 
rare. In only 12 cases out of 150 was there an excess of pericardi; 
fluid amounting to more than two ounces. Out of 79 cases of paracentes 
pericardii collected by Dr. Samuel West, only eleven were of rheumat 
origin, and in only one of these eleven was the effusion large in amoun 
Of the whole number of patients, only four were under the age of twent; 
and there was no fluid. 

Acute myocardial inflammation is not infrequent in children. It occui 

with the various infectious diseases: diphtheria, typhoid, scarlet and ii 

fluenza, and this group may be spoken of as infectious myocarditi 

Toxines of diphtheria have a peculiar and pernicious influence upon ca: 

diac muscles. The toxic products of the diphtheria bacillus tend to con 

bine early with the muscle cells, though they may remain latent for 

time. They tend sooner or later to diminish the tone and strength c 

the heart and to produce disturbances of rhythm, eventually causing dih 

tation and weakness of the myocardium. Diphtheritic myocarditis occui 

in 10 to 20 per cent, of all cases of diphtheria. The symptoms becon 

most marked during the second or third week of the illness, sometime 

during the sixth to the tenth week of the convalescence^ These patieni 

frequently complain of a feeling of oppression in the chest, or a pai 

over the liver. They vomit so frequently as to remind one of a peritoniti 

or of an obstruction of the bowels. The pulse shows arrhythmia an 

frequently the heart discloses no other objective sign, though dilat; 

tion to the right and left is not infrequent. A certain amount of nephrit 

is nearly always present. Neither typhoid nor scarlet produces sue 

marked myocardial symptoms as occur in diphtheria. 

Influenza is capable of producing myocardial inflammation. The sevei 
forms of inflammation in influenza seem to affect those who have ha 
a previously weak heart, or who are obese or debilitated. 

In the prophylactic treatment of this group of acute cardial affection 
we stand wellnigh helpless. It may be said that children differ material! 
as to the degree of resistance of the cardiac structure against diseas 
Perhaps we may be allowed a flight of the imagination. In one instanc 
ti the heart muscle is composed of fibre whose quality represents strengtl 

» resistance and durability, while, in another instance, the fibre is of 

1^ quality low in strength, inferior in resistance and poor in durability. Tl 

If 
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quality of this fibre may be influenced by a variety of factors. It may be 
congenitally poor; it may have acquired an inferior quality because of 
injudicious or unwise feeding during the first years of life. The pa- 
tient may be obese and the heart muscle infiltrated or surrounded by fat 
or relaxed from want of bodily exercise. The real prophylaxis of cardiac 
disease, if it is at all possible to conceive of such, would consist of in- 
creasing the resistance of the heart by strengthening its fibre. To do 
this the individual should take a fair amount of bodily exercise. Just as 
the skeletal muscle may be developed and hardened to perform feats of 
strength or to do work, so the cardiac muscle may be strengthened by 
graduated exercise. This is advised particularly in weakly children, or 
those who ccMne from parents who are feeble or have constitutional 
disease or taints. The form of exercise to be suggested is quite imma- 
terial and may consist of gymnastics, swimming, bicycle-riding, rowing, 
skating, or playing games in the open air. On the other hand, particularly 
in children, over-exercise may defeat the very purpose for which it 
was intended. Clinical records are complete with cases of cardiac dila- 
tation due to overstrain. Valuable chapters have been contributed to 
medical literature on the production of hypertrophy and dilatation in- 
duced by prolonged marches, Marathon races, immoderate feats of 
strength and excessive or violent work or play. Here may be mentioned 
football as played by immature boys. It may be stated as an axiom 
that such exercise may be considered healthful which is not carried to 
the point of fatigue. All exercise, which exceeds this point, ceases to 
be beneficial. 

In the same way, the nutrition of the body may be considered in the 
prevention and production of cardiac disease. The child, who is receiving 
a well-balanced diet with a sufficient amount of carbohydrate food and 
vegetables, and with no excess of proteid, tends to resist in a degree 
the functional, as well as the inflammatory, cardiac affections. Those 
children, who are improperly nourished and more or less in a condition 
of starvation, or those recovering from acute infectious diseases or from 
gastro-intestinal disorders, offer correspondingly less resistance against 
cardiac affections. In older children alcoholic drinks should be pro- 
hibited. 

Frequent bathing, with cool sponging or showers, produces a certain 
degree of "hardening." 

In this modern era of "fresh air" and "sleeping porches," a word 
of warning should be sounded. Not every child can bear with iinpunity 
undue exposure to cold and all kinds of weather. We frequently see 
children attacked by rheumatism in whom the hardening process has been 
carried on too zealously. 

Since it is a well-recognized fact that acute and recurrent tonsillitis is 
frequently the forerunner of rheumatism and cardiac disease, children 
thus affected should have their tonsils and adenoids removed. During 
an attack of tonsillitis the salicylates should be energetically administered. 
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A patient, who is suffering from rheumatism or ill-defined pain such as 
is sometimes described under the caption of "growing pains/' should 
be treated actively and early with one of the salicylate preparations. 

In case of diphtheria, anti-toxin should be administered early and in 
sufficient dosage to neutralize the toxine. Myocardial attacks in diph- 
theria occur early, and if treatment is to be effectual, it must anticipate 
this possibility. 

Treatment of Acute Attack. 

In all varieties and degrees of acute cardiac disease, the most important 
element in treatment is rest in bed. This statement cannot be made too 
emphatic. In the mild cases it is surprising what degree of resistance 
parents offer to this plan of treatment. One can almost hear them say, 
"You don't know the child ; you can never keep him in bed." Almost any 
child can be put to bed, given a few toys and be left to amuse himself. 
Kven in this respect, great care must be taken, lest he over-exert him- 
self by play. The most complete rest that is possible should be enjoined. 
The child should be kept in bed until the pulse is nearly normal in fre- 
quency and tension. Very frequently the arrhythmia and the initial 
insufficiency which is caused by dilatation will disappear. Four to five 
weeks is as a rule the minimal period required; not exceptionally, eight 
to ten weeks will be necessary. In the myocardial disease produced by 
diphtheria, great caution should be observed in permitting the patient to 
leave his bed. Sudden syncope and death may occur upon slight exertion. 

Before the patient is actually allowed to leave his bed, he should be 
permitted to sit up for an hour or two each afternoon. In a few days 
more he may be permitted to carry on some gymnastic practice. Moderate 
dumb-bell exercise for five or ten minutes may be employed. The dura- 
tion of this should be gradually increased. When the patient is allowed 
to get up, his exercise should be restricted and a certain portion of 
the day be spent in bed or in the half-recumbent posture. After several 
days, he may be allowed to climb four or five stairs, under pulse control. 
Carbon-dioxide baths at this time tend to increase the strength of the 
heart muscle and to diminish passive congestion. The patient should not 
be given his full freedom for a considerable time. He certainly should not 
be allowed to join his playmates on the playground until his pulse in- 
dicates a return of tonicity and strength of cardiac muscle. In cases 
where the pericardium is involved, or where the cardiac action is frequent 
or tumultuous, an ice-bag should be placed over the heart. If rheumatic 
pain or arthritis continues, salicylates should be pushed energetically. 
Of the salicylates, the sodium salt, salicin or aspirin (acetyl salicylic acid) 
are the most reliable. For a child six or seven years of age, twenty 
grains of the sodium salicylates or salicin may be given in twenty-four 
hours. They should be combined with an equal quantity or twice the 
amount of bicarbonate of soda. The addition of the soda has been sug- 
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gested, because it is believed that continual use of the salicylic acid 
derivatives may produce acidosis, with the symptoms of vomiting, • 
rapid and superficial respiration, and drowsiness or coma. Ob- 
servant of this precaution, however, children bear the salicylates 
well. Children of ten years or older may be given thirty or forty 
grains of salicin or sodiimi salicylate in twenty-four hours. Aspirin is 
useful and its effect prolonged, though it should not be combined with an 
alkali. It is true that the preparations of salicylic acid will not assist 
in the repair of valves which have been damaged, nor cause the absorption 
of pericardial exudate, nor mitigate the effect of myocardial inflammation. 
The damage which has already been produced cannot be remedied by the 
use of any known drug, but we have reason to think that the use of salicy- 
lates, if given sufficiently early, will neutralize the effect of the rheumatic 
poison and thus minimize cardiac inflammation. It may be said, too, in 
this connection, that relapses of rheumatism, however mild, should at 
the moment of reappearance receive most vigorous treatment. 

Heart tonics are not required in every case. Their use is indicated 
where there is evidence of cardiac weakness. This applies to myocarditis 
as well as to the endo- and pericarditis. Of all the drugs in vogue, 
preparations of digitalis prove most efficient. Digalen or tincture of 
digitalis in two or three drop doses, three or four times daily for a child 
of six or seven years of age, are valuable remedies. As concerns the 
comparative value of digitalis and other cardiac tonics, it may be 
stated, as a general proposition, that digitalis is the most reliable 
of all the known remedies, and that if it fails, no other will 
succeed, though some authorities maintain that strophanthus is of decided 
value in stenosis and severe dilatation. 

McKenzie says that digitalis is useful in those cases of heart failure 
where there is dilatation with healthy muscle fibres, that have become 
exhausted in an endeavor to overcome abnormal resistance. In cases of 
dilatation of the heart with a weak and insufficient systole, its action is 
almost specific. The drug is of very little use when the dilatation of 
the heart is due to relaxation of the muscle fibres. The degree of re- 
action is an index of the extent to which degeneration has gone on. 
Digitalis is not indicated in simple tachycardia or in cases of arrhythmia. 
For the fever of acute endocarditis no special treatment is required. The 
salicylates already referred to tend to control the temperature. Tepid 
sponging may be employed when there is fever with restlessness. If the 
patient is extremely restless, with dyspnea and pericardial distress, small 
doses of codeine, 1/20 to 1/12 grain for a child of six years, or morphine, 
1/60 to 1/30 grain hypodermatically, or 1 to 2 grain doses of Dover's 
powder, repeated three or four times daily, if necessary, give the most 
prompt and striking relief. 

When the acute stage is terminated, after a prolonged rest in bed, the 
child should tentatively be allowed to take short walks ; all violent exercise 
must be prohibited, resistance exercises may be given, and a considerable 
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period of time should elapse before the child is permitted the ftdl range 
of its physical powers and activities. 

The danger of producing chronic invalidism and hypochondriasis is 
not to be lost sight of. Nevertheless, in those cases where the valvular 
defect is extensive or the myocardial degeneration is marked, the limita- 
tion of physical effort is of paramount importance. 

Broken Compensations, — Sooner or later, in most cases of valvular 
lesion, some disturbance of compensation will occur. If passive congestion 
of other organs or loss of cardiac tone, or if dilatation occurs in a patient 
who has previously suffered from a myocarditis or a valvular lesion, he 
should be placed in bed and as far as possible, physical and mental rest 
should be enjoined. In most of such cases the use of digitalis is indicated. 
The occurrence of edema or effusions into the serous cavities should be 
treated by diminishing the fluid intake, continuing the use of digitalis, 
stimulating elimination through the skin and by the administration of 
laxative drugs and diuretics. Diuretin may be given in two or three 
grain doses for children of six or seven years, and is one of the most 
reliable diuretic drugs. It was Stokes, who long ago advised the use of 
calomel for the diuretic effect. Small doses of 1/10 to 1/16 of a g^ain 
should be given three times daily for three days, though it should be used 
with considerable care, especially in those cases where there is kidney 
involvement. It is rarely necessary to resort either to puncture of the 
skin, or peritoneal cavities, for the relief of fluid accumulation. 

The much-vaunted strychnia is valuable in those cases, acute or sub- 
acute, which depend upon disturbance of cardiac innervation, particularly 
in cases of post-diphtheritic myocardial involvement, and the influenza 
myocardial affections. It is doubtful whether strychnia is a real cardiac 
muscle stimulant. It was H. A. Hare who wrote some years ago on 
strychnia as a cardiac tonic. He compared its use to whipping a horse 
that was going full speed. Strychnia may stimulate by increasing the 
work done by the heart, not necessarily increasing its force; and like 
the horse that is being whipped, the heart is likely to stumble and fail. 

In cases of sudden syncope, camphorated oil, hypodermatically, may be 
used to relieve the acute cardiac failure. 

In cases of chronic pericarditis with obliteration of the pericardial 
cavity, the heart may be firmly adherent to the sternum and ribs anteriorly 
and to the spinal column posteriorly. Thus during each systole an extra 
strain is placed upon the heart muscle. To overcome this condition Brauer 
has suggested his operation of cardiolysis. It consists of resecting the ribs 
which cover the heart ; the sternum is not removed. By this operation the 
interference with heart action is considerably lessened and favorable 
results have been reported. Brauer suggests that good results can be 
obtained only when the heart muscle itself has not been materially weak- 
ened by disease. If the heart does not maintain sufficient strength to 
retract the chest wall, after removal of the ribs, the operation is useless. 



172 SWAN: HYDROTHERAPY, HEART DISEASE 



THE HYDROTHERAPEUTIC TREATMENT OF HEART 

DISEASE. 



By John M. Swan, M. D., of Watkins, N. Y., 
Medical Director of Tlie Glen Springs. 



Excluding diseases of the pericardium and of the mediastinal tissues, 
which may affect the heart, the chronic diseases of that organ may be 
divided into chronic valvulitis in its various forms, and disease of the 
myocardium. Chronic valvulitis is the result of a previous acute endo- 
carditis, or primary fibrosis, or of a rupture of one of the leaflets of one 
of the valves due to trauma. The condition of the valves in a case of 
chronic valvulitis is the result of cicatrization of the acute lesion. The 
resulting disturbance in the passage of the blood through the various 
chambers of the heart and into the great arteries, the aorta and the 
pulmonary artery, produces changes in the heart muscle which are of 
grave importance to the circulation. In order to provide for the needs 
of the systemic circulation in particular, the myocardium undergoes a 
local or a general hypertrophy, sometimes with and sometimes without 
dilation of one or more of the chambers. An hypertrophied heart mus- 
cle cannot be considered normal and sooner or later degenerative changes 
occur in it which result in further circulatory disturbances and produce 
the sjnmptom-complex known as lost or broken compensation. The 
change may be a fibrosis, fragmentation, or fatty degeneration, or any 
combination of these morbid processes. 

Apart from the changes in the heart muscle dependent upon valvulitis, 
that muscle may become diseased in the course of any of the acute in- 
fectious diseases, diphtheria, typhoid fever, influenza and malaria, for 
example. The form of change seen in these cases is the result of cloudy 
swelling and is known as parenchymatous myocarditis. The myocardium 
may become diseased by the extension into it of the fibroid changes which 
accompany general arteriosclerosis, the coronary arteries in this instance 
usually forming the starting point for the increase of the connective- 
tissue of the heart muscle at^the expense of the muscle tissue ; cardiac- 
fibrosis, fibroid myocarditis. The myocardium may become damaged by 
the deposit of fat in the normal connective tissue of the muscle in cases 
of general obesity; fat heart. 

Fatty degeneration of the myocardium is the last stage of the paren- 
chymatous form of myocardial alteration, and of the hypertrophy due to 
valvulitis, renal disease, and overwork. 
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Dilatation of the heart without compensatory hypertrophy is usually ac- 
mpanied by important changes in the myocardium. 
The functional capacity of the heart depends entirely upon the condi- 
gn of the heart muscle and not at all upon the disease of the valves. 

I in the therapeutics of chronic heart disease, an estimation of the 
;egrity of the muscle is of first importance. When the muscle be^ns 

fail either from changes in the muscle fibers, from increase in con- 
ctive tissue, or from the deposition of fat, the therapeutic problem is 

restore that muscle as much as may be to its functional integrity. 
Thb contribution is not concerned with the possibilities of drug ad- 
nistration, as important as that is, but to point out the results that 
a be obtained by the use of rest, hydrotherapeutic measures, and ex- 
;ises. The combination of these three methods of treatment is com- 
>nly known as the Nauheitn treatment of chronic disease of the heart. 
ic treatment has been in use since 1835; but has been prominently 
ought to th^ attention of therapeutists generally since about 1880, 
rough the writings of Beneke, Grodel, the Schotts, and many others, 
le chief hydrotherapeutic method employed at Bad Nauheim is the 
mersion of the patient in a full bath of a natural brine which is chai^fed 
th free carbonic acid gas. The important constituents of the Nauheim 
thing waters are sodium chloride and calcium chloride. The Nauheim 
ysicians have always held that artificial baths can be prepared which 

II accomplish good results if properly managed; but there is an ad- 
ntage in the employment of a water in which the solution of the sahne 
jredients has been brought about by natural processes. The Nauheim 
thing waters contain the following percentages of sodium chloride and 
Icium chloride: Grosser Sprudel, sodium chloride, 1.95 per cent., cal- 
im chloride, 0.13 per cent.; Friedrich Wilkelm Sprudel, sodium chlor- 
;, 2.71 per cent.; calcium chloride, 0.27 per cent., and Ernst Ludwig 
rudel, sodium chloride, 2.27 per cent., calcium chloride, 0.24 per cent. 
At The Glen Springs a natural brine containing sodium chloride, cal- 
mi chloride and other mineral ingredients is used for the administration 

carbonated brine baths. The water is obtained from an artesian well 
00 feet deep. It is pumped into large reservoirs from which it is 
fied to the bath rooms. As the water flows from the well into the 
[iks it has a temperature of 56" F. It is usually perfectly clear and 
lorless and contains numerous bubbles of gas of varying size. It is 
rongly saline to the taste and is without odor. After standing for a 
ne it becomes cloudy and begins to deposit a precipitate which is dark 
ey in color with a tinge of yellow. After standing for twenty-four 
'urs this deposit collects in the bottom of the vessel as a dirty brown 
icculent sediment, and the supernatant water is cloudy with the sus- 
nded particles of this precipitate. Under the microscope this precip- 
ite is seen to be composed of fine, yellowish granules ; large, irregular, 
ddish masses, amorphous in character; colorless amorphous masses. 
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and some large blackish masses. A specimen allowed to stand for 48 
hours gave 0.1572 grm. of this precipitate to the liter. The precipitate 
gives the qualitative reactions for iron. The salimeter registers 65. The 
water is neutral to litmus, to phenolphthalein, and to Congo red. 

An analysis made in 1910 by Professor E. M. Chamot, of Cornell 
University, gave the following results: — 

OramB 
per Liter. 

Total Solids 213.8 

Loss on Ignition 38.6 

Silica 0.79 

Oxides of Iron and Aluminum 0.03 

Calcium (Ca) 14.9 

Barium (Ba) 0.03 

Magnesium (Mg) 4.2 

Nitrogen (N) as NH4 0.85 

Sodium (Na) 47.3 

Potassium (K) * 0.008 

Lithium Trace 

Chlorine 111.0 

Carbonic Acid (CO2) half-bound 0.01 

Carbonic Acid (CO2) free 0.17 

Sulphuric Acid (SOg) Trace 

"These constituents are in my opinion combined as follows": — 

Grams Grains per 
per Liter. U. S. Gallon. 

Total Solid Residue 213.8 12,400. 

Organic and Volatile Matter 38.6 2,238. 

Colloidal Matter 0.8 46. 

Calcium Chloride (Strontium Chloride) 41.2 2,489. 

Magnesium Chloride 16.3 945. 

Barium Chloride 0.025 1. 

Barium Bicarbonate 0.056 3. 

Ammonium Chloride 3.2 185.6 

Sodium Chloride 120.0 6,960. 

Potassium Chloride 0.015 0.8 

Lithium Chloride Trace Trace 

Sulphates Trace Trace 

Carbon Dioxide in Solution 0.17 9. 

In this brine there is 12 per cent of sodium chloride and 4.12 per cent 
of calcium chloride. By diluting it with five volumes of fresh water we 
get a water which contains 2 per cent sodium chloride and 0.68 per 
cent calcium chloride. By using one volume of this brine and six volumes 
of fresh water, we get a water which contains 1.71 per cent sodium 
chloride, and 0.58 per cent calcium chloride. 

By varying the dilution and by adding carbon dioxide gas by artificial 
means we are able to employ carbonated brine baths of suitable strength 
for the treatment of chronic heart disease. The patient is immersed in 
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the bath, the temperature of which is varied according to well-known 
indications, for a period varying from four to fifteen minutes, he is then 
carefully dried and required to rest in bed for one hour. The baths are 
given on alternate days, so that a full course requires six weeks. 

The effects to be expected following the carbonated brine baths in a 
case of cardiac incompetency are (1) diminution in the size of the heart, 
(2) slowing of the pulse, (3) reddening of the skin, (4) slowing of 
the respiration, (5) reduction in the size of the liver, if that organ is 
the seat of a passive congestion, (6) improvement in the muscular quality 
of the systolic sound of the heart, (7) the disappearance of a hemic 
murmur or of a murmur due to dilation of an orifice, and (8) increase 
in the intensity of an organic murmur dependent upon valvular defect 
or deformity. 

As an example of the diminution of the size of the heart following a 
course of these baths, the case of a male, aged sixty-three years, may be 
referred to. The patient presented a dilation of the heart following the 
sudden strain of helping to lift an automobile. When first seen the 
cardiac dullness extended from the third rib to the fifth interspace and 
from the right edge of the sternum to one and one-half inches outside 
the midclavicular line, a transverse diameter of eight and one-half inches. 
After the completion of the treatment the cardiac dullness extended from 
the third rib to the fifth interspace, and from the right edge of the 
sternum to one-half inch outside the midclavicular line, a transverse dia- 
meter of seven and one-half inches. 

In another case, that of a male, aged fifty-two years, presenting mitral 
regurgitation, hypertrophy of the heart, and dilatation of the heart, the 
dullness before the institution of treatment extended from the fourth rib 
to the seventh interspace, and from the right edge of the sternum to 
1 inch outside the midclavicular line; a transverse diameter 8j4 inches. 
After the completion of the course of baths the cardiac dulness extended 
from the fourth rib to the seventh interspace and from the right edge of 
sternum to 3^ inch outside the midclavicular line. Transverse diameter 
8 inches. 

The accompanying figures are submitted to show the effect of the baths 
on the pulse rate. The patient was a female, aged sixty-five years, who 
had hypertrophy with dilation of the heart, accompanied by an extensive 
chronic bronchitis and chronic dry pleuritis. 

Number of One Hour 

Bath. Before. During. After. After. 

8 103 90 98 .79 

9 107 80 93 80 

10 100 80 78 74 

11 98 80 84 72 

12 94 75 82 70 

13 89 70 76 78 

14 101 88 98 91 
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71 


76 


76 


77 


77 


76 


81 


76 


70 


86 


74 
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18 70 

16 86 

17 80 

18 76 

In the case of a male, aged thirty-six years, who had mitral regurgita- 
tion and aortic regurgitation, the accompanying figures were obtained : — 

Number of 

Bath. Before. During. After. 

1 108 100 100 

2 116 06 100 

8 102 96 94 

4 110 106 96 

6 100 96 88 

6 96 92 88 

7 90 84 82 

8 94 96 86 

9 92 92 80 

10 92 86 84 

11 84 84 84 

12 90 86 80 

18 84 82 84 

14 90 88 84 

15 90 88 84 

16 92 90 78 

17 100 100 84 

18 1 90 86 84 

In the case of a male, aged seventy years, who had dilation of the 
heart with myocarditis, the liver dullness before the baths extended from 
the fifth interspace to the costal margin ; the edge of the organ was pal- 
pable. At the conclusion of the treatment the liver dullness extended 
from the sixth rib to the costal margin. The edge of the organ was not 
palpable on deep inspiration. 

In the case of a male, aged sixtyreight years, who had hypertrophy of 
the heart, with fibroid myocarditis and mitral regurgitation, the liver 
dullness before the baths extended from the fifth interspace to one inch 
below the costal margin; the edge of the organ was palpable but not 
tender. After the baths the liver dullness extended from the fifth inter- 
space to the costal margin ; its edge was palpable but not tender. 

In the case of a male, aged thirty-six years, who had mitral regurgita- 
tion and aortic regurgitation, the liver dullness before the baths extended 
from the sixth rib to the costal margin; its edge was palpable, but not 
tepder. After the baths the liver dullness extended from the sixth rib to 
the eighth interspace ; its edge was not palpable and there was no tender- 
ness. 

The effect of the carbonated brine baths on cardiac adventitious sounds 
is dependent upon the influence of the baths on the cardiac musculature. 
The muscle is improved in its functional capacity, it contracts more slowly, 
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with more of that element which gives the muscular quality to the systolic 
sound, and, if the organ has been stretched the dilatation is lessened. If a 
murmur is pericardial we would expect it to become louder with improve- 
ment in the contractile force of the heart muscle. If the murmur is due to 
chronic valvulitis with thickening and deformity we would expect the 
increased force of the contracting muscle to increase the intensity of the 
murmur and to make its transmission better defined. 

If the murmur is dependent upon dilation of one of the orifices of the 
heart the improvement of the muscular wall of the organ with diminution 
oi dilation should cause the murmur to disappear. A hemic murmur 
should disappear. 

We consider that the muscular quality of the systolic sound of the 
heart is an important indication of the functional capacity of the myo- 
cardium. In a heart which produces a full toned ''lub" as the character- 
istic systolic sound we may assume that the contraction is energetic and 
competent On the other hand, any diminution in the quality of this 
sound indicates a weakness in the contraction and a lack of competency on 
the part of the myocardium. The interpretation of the character of the 
systolic sound is, of course, dependent upon the training of the ear of 
the examiner, and is subject to the influence of the personal equation to 
a very great extent, except in the extremes of weakness. 

The chief indication for the use of carbonated brine baths in the treat- 
ment of chronic heart disease is in cases of myocardial insufiiciency with 
low blood-pressure. In such cases we expect to get a slowing of the 
pulse, an increase in the muscular quality of the systolic sound of the 
heart, and an increase of blood-pressure. If, in addition, there be dilatation 
of the heart due to loss of tone of the muscle, we expect to see the trans- 
verse diameter of cardiac dullness reduced. If the dilatation affects the 
mitral ring so that there is a functional insufficiency of the mitral valve 
with the production of a soft systolic murmur transmitted into the axilla, 
we expect that murmur to disappear with the contraction of the heart 
to more nearly its normal size and with improvement of the tone of the 
myocardium. 

In cases of myocardial degeneration following the compensatory h3rper- 
trophy dependent upon valvulitis we look for little or no change in the 
area of cardiac dullness outlined by percussion, but with improvement of 
the muscular tone we expect the valvular murmur to increase in loud- 
ness and distinctness and in definiteness of transmission. We look upon 
the increase in the murmur to be indicative of improved functional 
capacity of the heart. 

In cases of parenchymatous myocarditis following the acute infectious 
diseases, the hydrotherapeutic treatment should improve the muscular 
quality of the systolic sound, raise the blood-pressure, and slow the 
pulse. 

In cases of nervous and functional disorder of the heart, the carbon- 
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ated brine baths sometimes are productive of benefit and sometimes fail. 
If the disturbance is dependent upon toxic or reflex influences, the treat- 
ment is likely to be futile unless the reflex or toxic cause is first removed. 

In cases of fibroid myocarditis with high blood-pressure and evidence of 
general arteriosclerosis, carbonated brine baths, if given at all, should 
be very carefully watched and should be stopped if the symptoms of high 
blood pressure increase : tinnitus, vertigo, precordial pain, headache, full, 
strong, incompressible pulse. Usually in such cases the temperature of 
the baths should be kept at or above 98° F., the stronger brines should 
not be used, and the carbon-dioxide gas should be omitted. 

In cases of fat heart, treatment with cold carbonated brine baths is 
best omitted, provided the myocardium is in good condition. Treatment 
calculated to reduce the weight of the patient and to improve his general 
metabolism, combined with a general obesity diet, should be instituted. 

Carbonated brine baths are contraindicated in cases of advanced arte- 
riosclerosis, chronic nephritis, thoracic and abdominal aneurysm, and in 
the terminal stages of broken compensation with edema. 

In cases of nephritis the cautious employment of the weaker brines, 
warm, without carbon dioxide, alternating with some form of elminative 
treatment, such as the electric light bath or the vapor cabinet bath, may 
be tried with close watchfulness. Particularly should the percentage of 
albumin in the twenty-four-hour specimen of urine be determined daily. 
If, however, the pulse increase in rate, albumin increase in percentage, 
edema increase in amount, the brine baths should be discontinued and 
dependence be placed on eliminative treatment, rest, diet, and digitalis. 

The cases of arteriosclerosis should be handled in the same way. If 
the blood pressure increase in the brine baths they should be discon- 
tinued. 

In cases of the terminal stage of broken conspensation the effort neces- 
sary on the part of the patient to get into and out of the tub will be 
productive of deleterious results. 

Accessory hydrotherapeutic and mechanotherapeutic procedures. — In 
cases complicated by acute, subacute, or chronic bronchitis or pulmonary 
congestion much benefit is obtained by alternating the carbonated brine 
bath with a vapor bath into which the brine of the Nauheim spring is 
sprayed. A specially constructed room is prepared into which steam is led 
in such a way that the brine is sprayed into the compartment in an intimate 
mixture with the steam. The patient sits in a reclining chair, with a cold 
towel about his head, and breathes the air saturated with moisture and 
impregnated with the finely divided saline ingredients of the brine. Such 
a treatment is also of value in cases of acute and chronic laryngitis ac- 
companying chronic cardiac disease. 

After the diseased myocardium has had a chance to recuperate partially 
from the strain put upon it by the ordinary or the extraordinary demands 
of the daily habits of an individual patient, in order to put it in a condi- 
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tion to perform its function in as nearly as possible a normal manner, 
it is wise to undertake to provide for the exercise of the muscle under 
careful supervision. 

The principle involved is the same as that concerned in the develop- 
ment of a skeletal voluntary muscle; exercise of the muscle to be de- 
veloped. It is known that exercise in a normal individual increases the 
heart rate and hence carefully regulated exercise is the method to be 
adopted for improving the tone of the cardiac musculature. 

Two methods are available; that of Schott, known as Resistance Exer- 
cise, and that of Oertel, known as Hill Climbing. 

In the former the patient is required to make certain movements with 
his arms and legs against resistance applied by an attendant. 

There are, all together, eighteen exercises employed and the degree 
of resistance varies with the character of the pulse; at first it is slight, 
but as the strength of the myocardium improves it is increased. After 
each movement the patient rests for thirty seconds or a minute. 

In the later the patient exercises his myocardium by walking on hills 
the degree of elevation of which is known, the distance is known; and 
opportunity for rest is provided at suitable intervals. 

At The Glen Springs we employ the following routine distances and 
grades : one-sixth mile, elevation twenty-three feet ; one-fourth mile, eleva- 
tion forty-three feet; one- fourth mile, elevation sixty-six feet; one-half 
mile, elevation one hundred and thirteen feet; two-thirds mile, elevation 
one hundred and six feet; four-fifths mile, elevation one hundred and 
thirty-six feet; three-fifths mile, elevation one hundred and thirty-six 
feet; two-thirds mile, elevation one hundred and forty-six feet; five- 
sixths mile, elevation one hundred and sixty feet; seven-eighths mile, 
elevation one hundred and ninety-three feet. 

The best results are obtained when these methods are adopted after 
the course of carbonated brine baths is finished. In cases, however, in 
which it is advisable to get a patient back to his daily routine at the 
earliest possible moment they may be begun at the end of the second 
week of treatment with the baths, provided the cardiac action will allow 
it, and carried along on the alternate days, until the end of the six weeks. 

Diet, — During the administration of a course of carbonated brine baths 
the patient should be given a mixed diet of easily digested and readily 
assimilated constituents with a caloric value of at least 2500. It is 
unnecessary to make any great restriction or to deprive a patient of 
articles of diet to which he is used, and of which he is fond, unless they 
are distinctly harmful. • The accompanying list is used at present at The 
Glen Springs: — 

Milk or buttermilk, two pints a day. 

Zwieback, whole wheat bread, graham bread, or buttered or milk toast. 

Soft boiled eggs, poached eggs, scrambled eggs. 

Roast beef, lamb, mutton, chicken or turkey. 
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Broiled steak or chops. 

Baked, broiled or boiled fish without sauce; but no fried fish. 

Spinach, string beans, tomatoes, oyster plant, boiled rice, baked potatoes, 
stewed celery, endives, peas, asparagus, cauliflower, lettuce with Mayonnaise or 
fYench dressing. Cream cheese. 

Rice pudding, baked custard, tapioca, com starch pudding, ice cream, stewed 
prunes, apple sauce, baked apple, preserved peaches, stewed flgs. 

The patient should not eat: — 

Fried food of any kind. 

Hot bread or griddle cakes; 

Ooose, duck, or guinea hen; 

Pork or veal in any form; 

Rhubarb, cabbage, parsnips, turnips, carrots; 

Salt or smoked fish; 

Cheese, except cream cheese as already specified; 

Fancy desserts; 

Entrees, sauces and gravies. 

We wish to say a word of caution to physicians who send patients 
to sanatoria for the hydrotherapcutic and mechanotherapeutic treatment 
of cardiac disease. It is very unwise to allow the patient to think he 
can hurry through his baths and return to his customary work in a 
short time. Usually the patient has been burning his candle at both 
ends for a long time and he needs to take the full course. Not 
one day short of six weeks, but preferably ten weeks' treatment is 
advisable. 

It is a mistake to encourage patients with myocardial changes to ex- 
pect to receive some kind of treatment three or four times a day. 
A carbonated brine bath on one day, perhaps general massage on the 
alternate day, with short walks on a level path, accompanied with quiet 
and relaxation in the open air are attended with the best results. The 
patient who jumps about from one treatment to another, dressing and 
undressing three or four times a day, does himself more harm than 
good. 
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THE NEWER HEART REMEDIES. 

By William F. Boos, M. D., Ph. D., of Boston, 

ChemlBt and FbartnacologiBt, HasBactiiuetta Oeneral Hospital. 

AND 

C. H. Lawrence, Jr., M. D., of Boston, 

Walcott PeUow in Clinical Medicine, Harvard Medical School. 

In 1874 Schmiedeberg* published his method for the isolation of digi- 
talin and digitoxin. His work was hailed with delight by the medical 
world, for it was hoped that the use of the active principles in the pure 
state would put an end to the uncertainty of digitalis medication. But 
the pure drugs did not find favor with the practising physicians; their 
clinical experience seemed to show that the new drugs did not produce 
the true digitalis effect obtainable from the old leaf preparations. 
Although the greater certainty of dosage was felt to be a very valuable 
factor in the treatment of heart disease, the advantage gained by more 
accurate dosage was not sufficient to overcome the inefficiency of action, 
and practitioners therefore returned to tincture and infusion. In the 
years 1891 to 1894 Schmiedeberg and his pupils carried out a series 
of careful researches on the pharmacology of digitaJin and digitoxin, and, 
as a result of this work, Schmiedeberg recommended digitalin as a com- 
plete substitute for the galenical preparations of digitalis. Again clinical 
experience differed with that of the laboratory, and although digitalin 
was more widely used than previously, it could not replace the prepara- 
tions made directly from the crude drug. 

The problem for the chemist and pharmacolc^ist, therefore, was not 
to isolate active principles, but to improve the whole drug preparations, 
to produce efficient and permanent leaf powders or extracts, of known 
strength and free, as far as possible, from gastro-enteric action. 

With this end in view, Golaz,^' a Swiss apothecary, dJalyzed macera- 
tions of fresh digitalis leaves first with water and then with aqueous 
solutions of alcohol in gradually increasing concentration; the process 
of dialysis lasting fourteen days. Golaz used the utmost care in the 
selection of his leaves, he collected them in one locality onjy, taking noth- 
ing but the second year's growth and gathering the leaves on bright 
sunny days so as to insure a minimum of moisture content ; he also con- 
trolled his product by chemical analysis. By this method Golaz hoped 
to obtain dialysates of uniform action and free from irritating leaf con- 
stituents. The chemical analysis of the dialysates indicating that the 
product was of uniform strength, Golaz submitted his samples to Prof. 
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Jaquet for pharmacological verification. Jaquet found, however, that 
different samples of dialysate differed very widely in physiological action, 
but by concentrating dialysates which were too weak, in vacuo, and dilut- 
ing those which were unusually strong, Jaquet found it possible to produce 
preparations of uniform physiological strength. 

The dialysates of Golaz are excellent preparations as long as they are 
fresh; they are readily absorbed and are borne well by the stomach, 
but unfortunately, they are not permanent. 

Jaquet's results stand as excellent proof of the fact that chemical 
standardization is of little value when digitalis products are concerned. 
Many other authors who compared chemical with physiological standard- 
ization obtained results similar to those of Jaquet. Thus Barger and 
Shaw* could isolate only one-third of the digitoxin which by physiolo- 
gical analysis was shown to be present in a sample of tincture of digitalis. 
In another experiment these authors added a known amount of digitoxin 
to an artificial tincture and succeeded in recovering only one-fourth of 
the added drug. It is quite obvious, therefore, that in the case of digitalis 
other than physiological standardization is out of the question. 

Of recent years physiologically standardized tinctures and infusions 
(digitalone, strophanthone) have come more and more into use. When 
these preparations have been recently standardized they are, of course, 
vastly superior to the ordinary tincture of unknown strength. But 
tinctures prepared according to the directions of the pharmacopeia, 
with dilute alcohol, deteriorate very rapidly, and their standardization 
is really a waste of time. In order to insure permanence in a tincture 
it must be prepared with 70 per cent, alcohol. Worth Hale*^ examined 
a number of such tinctures and found that they showed practically no de- 
terioration in strength in the course of eight years. 

Tinctures prepared with 70 per cent, alcohol and afterwards carefully 
standardized may be used, therefore, to carry out accurate and uniform 
digitalis medication. Such tinctures, moreover, represent a purer product 
than the ordinary pharmacopeial tincture, since the concentrated alcohol, 
which is used, removes by precipitation a large portion of the useless 
resinous material. An infusion cannot be made permanent; infusions 
are not necessary, and for the sake of accurate dosage it will be better 
to omit them entirely. 

The Germans have always shown a preference for the dried and 
powdered leaf ; it is only natural, therefore, that many German investiga- 
tors should have attempted to improve the drug in this form. We owe 
it to the work of Focke,® Siebert,*^ Ziegenbein® and others that to-day 
permanent and uniformly active preparations of the powdered leaves may 
be bought in the market. 

Standardized, permanent tinctures and leaf powders fulfil, however, 
only one of the qualifications of the ideal digitalis preparation; such a 
preparation besidies being of known physiological activity, should not pro- 
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duce gastro-enteric irritation and should be prompt and efficient in action 
without exposing the patient to the danger of cumulative poisoning. 
The gastro-enteric irritation of tincture and powdered leaf are only too 
well known to practitioners ; at times this most undesirable feature of their 
action makes it impossible to carry digitalis medication to its logical end, 
the stomach of a patient with heart disease being as a rule particularly 
sensitive to irritant drugs. This fault cannot be corrected in the tinc- 
ture as such. In the case of the powdered leaf this purpose has, however, 
been accomplished by the use of gelatine capsules hardened in formalde- 
hyde. 

Sahli found that whereas the ordinary gelatine capsule is dissolved in 
from five to fifteen minutes by the gastric juice, a capsule hardened in 
formaline will resist gastric digestion for four or more hours. This dis- 
covery led to the introduction of Sahli's well-known "desmoid" capsules. 
In attempting to use the Sahli capsule for the purpose of administering 
drugs which caused irritation of the stomach, Rumpel noticed that sub- 
stances soluble in water were slowly leached out of the "desmoid" cap- 
sule long before the capsule itself was dissolved. This was due to the 
swollen condition of the capsule, which acted as a sort of dialyzing mem- 
brane. By using an alcoholic solution of formaldehyde instead of forma- 
line, Rumpel® obtained a capsule which resisted gastric digestion longer 
than the "desmoid" capsule, without pennitting any part of its contents 
to pass into the stomach. A German pharmaceutical house^^ is now dis- 
pensing over 200 different drugs in these capsules of hardened gelatine 
(trade name: "Gelodurat Capsules"), and among these is a capsule 
containing digitalis leaf powder prepared and standardized according 
to the method of Caesar and Loretz (Fol. digit, titrata). These cap- 
sules have been employed in a number of cases at the Massachusetts 
General Hospital and in the private practice of one of us ; they have never 
caused gastric disturbances. As an inexpensive preparation of digitalis 
which is of known strength, permanent and non-irritating to the stomach, 
these capsules deserve, we think, to be used very widely. They exhibit, 
of course, the disadvantage of slow and rather uncertain absorption, which 
we have found to be characteristic of the powdered leaf. The variation 
in physiological activity of the leaves from year to year is, moreover, 
so great that such capsules, to remain of uniform activity, will of necessity 
fluctuate considerably in size. The only alternative is to designate the 
physiological strength of the capsules on each package dispensed, a pro- 
ceeding which would be apt to confuse the general practitioner. 

In 1904 Cloetta^i published his first paper on "Digalen" or "Digitox- 
inum solubile." Cloetta's preparation was welcomed by the medical 
profession as the first digitalis extract suitable for hypodermic applica- 
tion. It was soon found, however, that digalen is entirely unsuited for 
hypodermic and intramuscular use, since its application causes pain and is 
followed in a large number of cases by serious local reaction.^^ For 
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use by mouth, too, it offers no advantage over the galenical preparations. 
If it really contains digitoxin, it is open to all the objections which apply 
to the use of digitoxin in any form; as a matter of fact, Kiliani,*' who 
knows more about the chemistry of digitalis than any other living person, 
feels convinced that the active substance in digalen is not digitoxin, but 
impure digitalein, a body closely related to digitalin, but more 
soluble. In support of this view, Focke^* was able to show that 
digalen, which is advertised to contain .3 milligram of "soluble, amorphous 
digitoxin," is only one-fourth as strong as .3 milligram of "difficultly solu- 
ble" crystalline digitoxin, on the one hand, and a simple infusion of fresh 
macerated leaves (containing .25 milligram digitoxin), on the other. 
Focke,^^ Worth Hale^® and the writers have found, moreover, that digalen 
is by no means constant in physiological action; various samples tested 
showing a material difference in strength. The clinical literature shows 
that digalen does not act any more promptly than the ordinary galen- 
ical preparations made from good leaves*'^ ; it shows further that digalen 
exhibits a great tendency to cumulative action^®; that the toxic dose is 
very near the therapeutic dose^®; that .the drug will cause nausea and 
vomiting to the same extent as the old preparations^^ ; in short, that the 
drug cannot in any way be considered a valuable addition to our stock 
of cardiac remedies. Worth Hale^^ carried out a careful comparative 
research on digalen, digitoxin and digitalein, which is thoroughly convinc- 
ing and which we would advise every investigator of heart remedies to 
read. 

In a recent paper one of us^* reported on the clinical use of another 
new preparation of digitalis — namely, digipuratum. This preparation, 
which is a purified extract of digitalis, seems to approach more nearly 
to the ideal drug than any of its predecessors. Digipuratum is con- 
stant in action, it is permanent (a powder in our possession was found 
not to vary in strength from May, 1910 to May, 1911), it does not cause 
gastro-enteric disturbance (over 200 cases, Massachusetts General Hos- 
pital), it shows less tendency to produce cumulative intoxication than 
any of the other preparations of digitalis, and it is prompt and reliable in 
action. It has one great fault; it is very expensive compared to other 
preparations. But the method of manufacture and physiological assay 
of the drug is a most expensive one. We must be prepared in the future 
to pay well for preparations of this kind, which tend to make medicinal 
treatment more exact and more reliable, and which are helping to make 
clinical medicine a science. 

The digitalis preparations discussed so far are all designed for internal 
use, and their action manifests itself at best in the course of from twenty- 
four to thirty-six hours. There are times when a heart stimulant, to save 
life, must act within a few hours, and it is just such a stimulant that 
chemists and pharmacologists have been trying for years to obtain. 
The first of this group to be of practical value was strophanthin, the 
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active principle of strophanthus hispidus. One of us introduced this 
drug into America four years ago,^^ and it has since been used to a certain 
extent, especially in hospitals. Strophanthin must be given intravenously, 
since its hypodermic application causes most intense pain and considerable 
local disturbance. If it is given intravenously with proper technique it 
acts as a wonderful cardiac stimulant, and its use is absolutely free from 
untoward actions of any land. It may be safely said that if strophanthin 
fails to produce the desired effect, the heart of the patient is beyond 
digitalis-like stimulation. Strophanthin is also indicated in conditions 
of hydremia when absorption . from the gastro-intestinal tract is .reduced 
to a minimum on account of the water-logged state of the system. In 
such cases large amounts of digitalis given by mouth have no effect, 
the greater part of the drug is excreted unabsorbed and the accumulation 
of water in the system continues. Strophanthin given intravenously acts 
directly upon the heart, with the result that efficient diuresis occurs within 
twelve to twenty-four hours. The system which has been depleted of 
its excessive water-content is then in a condition readily to absorb digitalis 
preparations given by mouth. There is a class of cases which responds 
better to strophanthin action than to that of digitalis. In these cases stro- 
phanthin may be given intravenously for a period of days or for a week, 
and the results obtained in this way are incomparably better than either 
from digitalis or strophanthus by mouth. It may be said in general that 
strophanthus therapy by mouth is unsatisfactory; the reasons for this 
are not apparent, since the pure drug could be given, and the great un- 
certainty of strophanthus preparations avoided. It would seem that a 
considerable portion of the pure strophanthin given by mouth is either 
very quickly excreted before it can be absorbed or is destroyed before 
absorption.^* 

Case 1, the chart and brief history of which is reproduced in the text, 
offers a good example of the cases which are particularly suited to intra- 
venous strophanthin therapy. As may be seen from the chart, this patient 
received on eight successive days half a milligram of strophanthin di- 
rectly into the blood. The strophanthin diuresis and the effect on the 
radial pulse and apex beat are very striking. 

Case 2 is illustrative of a class of cases, which, though hopeless from 
the first, require cardiac stimulation to keep them free from suffering 
to the end. In this case, digitalis by mouth had failed to give the patient 
relief and strophanthin was given intravenously as tdtimum refugium. 
It is interesting to note the approach of radial and apex beat after the 
first two injections. 

Intravenous medication is not popular with the general practitioner, 
and perhaps it is just as well that it should be so, since the injection of 
active substances directly into the blood is always a more serious procedure 
which is best confined to hospital and consultation practice. For general 
practice we need a preparation which may be given hypodermically or 
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intramuscularly. Until very recently there was no preparation suitable 
for this purpose, although many have been tried. A few months ago 
the manufacturers of digipuratum placed at our disposal a number of 
sealed and sterilized glass ampules, each of which contains .1 gm. (gr. 
lyi) digipuratum dissolved in 1 c.c. of a solvent (probably 1 per cent. 
NaiCOa solution). We have g^ven this solution both intravenously and 



Cam l-^Mitrat stenoait and regurgitation. Third break In compenaatlon, 
Cyajioals, dyspnea, rapid very Irregular heart. Marked discrepancy between 
apex and radial pulee-beata, PasalTe congeatlon of liver — no other edema. 
Harked reliet from dyspnea after first dose of strophanthln, progreaslve im- 
provement. 

At discharge; Liver apparently normal, no dyspnea, heart almost regular, 
nearly all beats tranemltted to wrist. Patient has been In bospltal twice before 
(or broken compensation — treated onoe with tincture dlgttalls, once with digi- 
puratum; Improvement with stropbantbln more marked than with other drugs. 

Une of dashes in charte=urinary output. 

hypodermically with good results, but we were particularly interested 
in its applicability for hypodermic use, which is of such great importance 
to the general practice of medicine. The digipuratum solution did not 
produce pain or local inflammatory reaction in any of the cases. The 
digitalis effect appeared in some cases within an hour, while in other 
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cases a number of hours elapsed before this effect became evident. 
The injection of V/i grains (the contents of one ampule) was repeated 
twice the same day in some cases, but as a rule one or two injecticHis 
in all were sufficient to prepare the way for medication by mouth. The 
total number of cases injected to date is about twenty, and although the 
results in all these cases were very satisfactory, the number of cases treated 



Case 2. — Fibrous and vermcose endocarditis ol mitral, aortic and pulmonary 
valves with stenoBis. Chronic adhesive perlcardltiB (slight). Cardiac hyper- 
trophy and dilatation. Large pulsating liver, general anasarca, ascites, hydro- 
thorax and hydroperlc&rdlum. 

First dose ot stropbanthln followed by marked temporary Improvement In 
symptoms. 

Second dose followed by same result, followed by alternating strong and 
weak heart-beat. 

Third dose — no result until twenty-flve minutes after administration. Patient 
suddenly became cyanotic, dyspnelc, and died. 

in this manner is not sufficient to warrant final conclusions. The absence 
of local reaction in the cases treated, together with the well-established 
reliability of digipuratum when it is given by mouth, promises well for 
the future of the drug. 
Case 3. — When first seen at 4 :30 a. m. this patient was in a condition 
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of collapse, her respirations were very shallow and rapid, the pulse was 
148 and hardly to be felt. For nearly a week the patient had been unable 
to sleep in bed ; she had pronounced edema of the lungs, edema of the 
ankles, slight general anasarca. For several days she had passed only a 
few ounces of urine a day. The apex was heard in the fifth space lyi 
inches outside the nipple. The sounds were faint, there was a pronounced 
systolic murmur at the apex transmitted well into the axilla. On account 



Case 3. — Mitral Tegurs^itatton. Severe break In compenaatlon. Bdema of 
Ankles, anasarca, edema of lungs. Very rapid pulse hardly to be felt. Extreme 
dyspnea; not able to lie down for several days, sleeplessness. After first injection 
great Improvement in course of one hour. Pulse and respiration dropped. 
After second Injection patient spent a good night In bed. Caret treatment. 
Steady Improvement under diglpuratum by mouth. 

of the puSness of the skin it was difficult to find a vein in the arm without 
sui^cal preparation ; it was therefore decided to give digipuratum solu- 
tion intramuscularly. After the injection the patient seemed to become 
more feeble, and several syringes of camphorated oil were given during 
the first half hour. Towards the end of the hour the patient gradually 
improved, her respirations became slower and deeper and the pulse im- 
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proved to a marked extent. In the course of another hour the pulse 
fell to 100. The patient was given another injection of 1>4 grains digi- 
puratum in the evening, after which she slept all ni^t in bed. Carel 
diet was ordered from the start and digipuratum by mouth was begun 
the morning of the second day. The case improved prc^essively, the 
urinary output was very satisfactory, the edema of the legs disappeared 
rapidly, as did also the anasarca. The edema of the lungs diminished 
gradually and was gone on the eighth day. 



Caae i. — Lying-in Case; Mitral Begurgitation ; Erysipelas — Poit-Partum. Con- 
dition before flret dose ol digipuratum, rapid irregiUar heart, dropping 1 beat 
itt each 4 and 1 In 20. Blgbt hours after flret dose heart regular dropping only 
1 beat in each 60 or 100. Steady Improvement, intermittency dleappeared en- 
tirely in forty-eight hours, pulse tell to normal and digipuratum discontinued. 
Pulse rose again, but became normal In rate and character when drug was re- 
sumed. 

The Carel diet, we think, is a very valuable therapeutic agent in the 
treatment of broken compensation. It consists simply in the strict limi- 
tation of food and drink to one quart of milk a day [5 glasses of good 
milk a day, beginning at 7 a. m. a glass (6 ounces) every 3 hours]. 
This diet is continued for five days and then solid food is gradually re- 
sumed while the total intake of liquids is kept at one qtiart. We have 
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frequently seen mild breaks in compensation regain complete compensa- 
tion with nothing but the Carel diet. 

Case 4. — ^This patient was seen at the Boston Lying-in Hospital. It 
was a case of severe erysipelas of the breast occurring post-partum. The 
consultation occurred on the fifth day of the disease. The patient was 
in a serious state of collapse, and Dr. Belknap, the attending physician, 
had but little hope of her recovery. She was immediately given lj4 
grains digipuratum in solution, subcutaneously. The temperature began 
to fall within an hour after the injection and the patient's subjective con- 
dition improved markedly, while the pulse continued rapid for twenty- 
four hours, becoming, however, much more regular and improving in 
quality. At the end of the second day the pulse and temperature were 
almost down to normal, and the patient felt practically well. The respira- 
tion showed nothing remarkable, it was therefore not recorded. On the 
ninth day, after digipuratum had been omitted for two days, the pulse 
went up again. Under digipuratum by mouth, for several days, the tem- 
perature subsided completely, and the patient was discharged well. 

To prevent the possibility of heart-block, care must be taken to obtain 
complete information concerning previous digitalis medication before 
giving strophanthin or digipuratum intravenously, or digipuratum sub- 
cutaneously. If digitalis has been taken the same day it will be wise to 
wait twenty-four hours before giving strophanthin intravenously, except 
in such cases where it must be given as a last resort. The subcutaneous 
application of digipuratum will be found, we think, a very safe method 
to produce rapid compensation; unless the pulse is suspiciously slow or 
dichrotic there will hardly be any danger in trying one subcutaneous in- 
jection of digipuratum solution, even if digitalis has been taken in mod- 
erate quantity the same day. 
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40, 1905.) 
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Journ,, May 20th, 1905.) 
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34. Pesci: Klinische Erfahrungen ueber das Digalen und insbeson- 
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intravencesen Injektionen. {Zentralblatt fuer inner e Medizin, 
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35. Pesci : L'uso del Digalen nella Polomite. {Rassegna di Terapia, 
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36. Pitini and Pietro : Sull uso terapeutico del Digalen. ( Gazz. Sicili- 
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Recent developments, pertaining to the investigation of selective car- 
diants, deal almost entirely with the dosage and action of drugs or the 
active principles of the digitalis group. The application and dosage of 
these drugs have been made more accurate by an attempt at standardiza- 
tion, purification, absolute identification and isolktion of the active prin- 
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ciples of the various members of this group. Attempts at definite stand- 
ardization are being considere.d by a number of scientists in this country, 
who will report to the Revision Committee of the Pharmacopeia and the 
Department of the Pharmaceutical Association. No definite standards 
have been accepted up to this time, although a number of worthy methods 
and considerable research work have been advanced and adopted by 
certain investigators. 

Houghton, in a paper before the American Medical Association, re- 
views the entire history of standardization and treats in detail the dif- 
ferent methods involved. He gives the more improved methods as 
follows : Quantitative assay. — A quantitative estimation by pharmacolo- 
gical methods of the activity of the heart tonics is a much more difficult 
problem than is a qualitative assay. Any series of experiments would 
be necessary in order to decide what method or methods were best suited 
for this work. Too great a variation was exhibited in the results ob- 
tained from blood-pressure experiments on dogs, rabbits, etc., and such 
experiments are, moreover, quite a deal more complicated and difficult 
to carry out. He found that fairly accurate data could be obtained from 
the application of a solution containing strophanthin, digitalin, etc., to 
the exposed frog's heart, comparing the action of the drug thus tested 
with that of a sample of a known strength. This method, however, was 
finally abandoned for one which gives much better results. It seemed 
to him quite probable that the strength of the heart tonics could be de- 
termined from their killing power when administered to the lower animal. 

Accordingly, rabbits, guinea-pigs, rats, frogs, etc., were employed for 
determining the minimum fatal dose of the drug. He finally chose frogs as 
being best adapted for this purpose. Different species of frogs vary con- 
siderably in reaction to the poisons, but the same species behave much alike. 
He has found it best to employ frogs of a nearly uniform size for the 
standardization of any particular tonic. Since it is impossible to obtain 
on the market frogs of exactly the same size, it is best, when one has a 
large number of samples to standardize, to have the frogs separated into 
lots by weight, those in each lot not var3ring over three grams; then 
one can use those weighing 14 to 17 grams for tincture of strophanthus, 
those weighing 18 to 21 grams for tincture of digitalis, etc. Frogs weigh- 
ing less than 30 grams can be obtained at a very reasonable price from 
fishermen, as they are too small for the table. However, it is necessary 
that from the moment of capture they be handled with great care and 
kept in wet moss, etc., until they arrive at the laboratory, when they should 
be at once transferred to suitable ponds. The method of administering 
the poisons and observing results may be briefly stated as follows : Dis- 
solve the strophanthin, or tincture of strophanthus, in normal saline 
solution. The strength of the medicated solution should be such that 
the total quantity to be injected shall not exceed 0.5 c.c. The fluid 
should be measured by means of very slender pipettes, graduated into 
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hundredths, into round-bottomed capsules of about 1 ex. capacity from 
which the last drop may be taken up in a narrow pipette having a long 
slender point, and the injection then made through the frog's mouth 
into the abdominal lymph-sac. Great care should be taken not to puncture 
the skin, as this will allow a portion of the injected fluid to leak out. 
After the injection, the frogs should be placed in wide-mouthed frog 
glasses, the plates containing about a quarter of an inch of water. It 
will be necessary to inject several series of about five frogs each for 
each sample of the drug to be assayed, a first series to the injected with 
drug of known standard strength. After testing a large number of 
tinctures of strophanthus, he found that 0.00015 c.c. per gram body weight 
represented fairly well the toxic activities of an average sample of 
tincture prepared from strophanthus (Kombe). The minimum fatal 
doses of tinctures of strophanthus prepared from various lots of the drug 
obtained from the American market were found to be as follows : — 

8 0.00015 

9 0.00022 

10 0.00017 

11 0.00016 

12 0.00015 

13 0.00025 

14 0.00033 



1 


0.00015 


2 


0.00026 


3 


0.00015 


4 


0.00012 


5 


0.00013 


6 


0.00015 


7 


0.00010 



The several tinctures were prepared by one process and with the same 
menstruum. 

The second series is to be injected with doses varying considerably 
in size. The third series is to be injected after the approximate dose 
of poison has been found from the second series. From the third series 
we may almost surely fix the minimum dose. A fourth series should 
finally be injected, which will fix the limits of strength very closely. The 
minimum fatal dose should kill at least three frogs out of five. If a less 
number die, it is best to inject another series with doses one point 
greater. 

One very important advantage of the method above outlined for the 
assay of the heart tonics is the fact that various kinds and sizes of frogs 
may be employed at any season of the year, the only essential being that 
at the time the assay is made, the standard and unstandardized prepara- 
tions should be tested at the same time, the frogs being exactly the 
same species and kept under exactly the same conditions, comparative 
results only being necessary, since the standard solution maintains its 
activity almost entirely unimpaired. 

He later proposed strophanthin (Kombe) c. p., crystalline, as a stable, 
satisfactory, chemical standard by which to measure the value of the 
heart tonics of the digitalis series. With a great deal of care his colleague, 
Dr. D. H. Brauns, has prepared the standard strophinthin from 
strophanthus (Kombe) seeds, which were received in the original 
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pods, as shown, from Mr. Lindsay, Curator of the Edinburgh Botanical 
Gardens and identified by the well-known pharmacognosist, Mr. E. H. 
Holmes, F. L. S., Curator of the Museum of the Pharmaceutical Society 
of London. The detailed results of their chemical and pharmacological 
studies will appear shortly. The strophanthin, which they have proposed 
as a standard, is obtained from the seeds by the following method: — 

Seeds (strophanthus, Kombe, identified by Professor Holmes, London) 
carefully separated from the awns were ground to a fine powder and 
extracted with petroleum ether to remove fatty oil. The defatted drug 
was exhausted with strong alcohol by percolation, the alcohol recovered 
in vacuo, leaving a syrupy residue from which the strophanthin crystals 
separated on standing. These were then filtered out and recrystallized, 
giving as a final product the chemically pure strophanthin crystals. 

In order to obtain considerable quantities of the crystals, a better method 
is to treat the dilute, syrupy, alcoholic extract with basic lead acetate, 
and then remove the excess of lead with hydrogen sulphide. The 
strophanthin will remain in solution, from which it separates out on 
spontaneous evaporation. The separated strophanthin may then be 
purified by recrystallization from very dilute alcohol. The process of 
obtaining the crystals is so simple that any one having a supply of the 
genuine seeds can obtain material for the standard. 

Summarizing his methods, pharmacologists recognize that the physiolo- 
gical action of digitalis, strophanthus, convallaria, etc., are so closely 
allied that they may be considered as one group, and may be physiolo- 
gically assayed by the same method. The basis of the method of physiolo- 
gical assay depends upon the peculiar characteristic affinity of the heart 
muscle-tissue, which is most characteristically shown by cold-blooded 
animals, to the members of this group. 

The test animals preferred are normal, healthy, medium-sized frogs 
of the Rana pipiens variety. 

The M. P. G. of the unknown and the standard are obtained by in- 
jecting suitably sized doses under precisely the same laboratory con- 
ditions. 

Strophanthin, Kombe, c. p., crystalline, is proposed as the standard 
by which the value of the members of this group shall be assayed. 
0.000001 gram of this strophanthin is considered as the normal minimum 
fatal dose per gram body weight of frog, when properly injected into 
the abdominal lymph-sac, and corresponds in physiological activity to 
0.000075 c.c. of standard (U. S. P. 1900) tincture of strophanthus, which 
represents the average activity of first-class commercial strophanthus, 
Kombe, seeds as they appear on the American market. Ten times a 
normal minimum fatal dose (M. F. D.) per gram body weight of frog 
represented by 0.000010 (0.000001x10) of strophanthin is considered 
as a normal Heart Tonic Unit (H. T. U.) ; hence, each gram of strophan- 
thin contains 100,000 H. T. U. 
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The number of H. T. U. in any preparation of the heart tonics of the 
digitalis series, knowing the H. F. D. for Rana pipiens of the unknown 
and the known, may be determined by the formula : — 

No. of H. T. U. per (M. P. D. of standard) 

^=H. T. U. of unknown; 

gram of standar'd (M. F. D. of unknown) 

(0.000001) 

e. g.: 100,000 =1333 H. T. U. 

(0.000075) 

Since the M. F. D. of the unknown and standard is always tested 

tinder the same conditions at the same time, seasonal and other reasonable 

variation in the resistance of the test frogs will not make any diiference 

in the end results, as the increased or decreased resistance is in the same 

direction and of the same degree: — 

(0.0000009) 

e. g.: 100,000 =1333 H. T. U. 

(0.0000675) 

Besides the above methods of obtaining more accurate and stable 
preparations, the most notable advances concerning the isolation of the 
more efficient active principles have been made in regard to digitoxin 
and digipuratum. These principles, on account of their rapid action, 
have been given most consideration, and the following reviews reflect 
the opinions of the investigators in regard to the value of these elements 
as compared with other heart stimulants. 

The active principle of the digitalis leaves, digitoxin, has rarely been 
used for therapeutic purposes, as the crystalline preparation is dissolved 
with difficulty and may be prescribed only in fractions of a milligram. 
Furthermore, it has a tendency to disturb the stomach. Cloetta succeeded 
in isolating froqi the leaves an amorphous digitoxin, "digalen/* This 
preparation, when given by mouth, does not give rise to disorders ot 
the stomach. Experiments on animals, moreover, have shown hypoder- 
mic injections to cause no irritation. "Digalen" may be safely applied, 
therefore, per os, per rectum, intramuscularly and intravenously. Cloetta 
states that digalen has the advantage over the galenic digitalis prepara- 
tions in producing a regular effect even in cases where digitalis proves 
ineffective. The effect ensues rapidly without a latent stage of develop- 
ment, the remedy, therefore, is of the greatest importance in weakness 
of the heart which suddenly supervenes in the course of acute infectious 
diseases. 

According to Naunyn, the action of digitalis has its limitations in that 
the employment of the remedy becomes impossible if it is no longer 
tolerated by the patients, who then are precluded from its use, more 
especially so, if on a previous occasion it has been administered in too 
large doses followed by phenomena of poisoning. There also occur cases 
in which at the outset small doses are not tolerated. In such cases or 
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when the remedy fails to take eifect, the desirability of substitutes is 
felt. Naunyn tried many remedies, but did not find ony one of them to 
be a suitable substitute, neither strophanthus nor the toxic constituents of 
convallaria majalis or of laurus nobilis. He has given much attention to 
digitoxin ( Schmiedeberg) which he employed per os and by way of 
enemas; and he has observed good results even in some cases where 
infusum or herba digitalis failed. Its continued use, however, has an 
undesirable cumulative effect; the application per rectum likewise has 
its limits, owing to the irritation caused by it. He does not favor this 
mode of application. Generally, infusions of digitalis act more slowly 
than is sometimes desirable. In most cases the effect does not manifest 
itself until the third or even the fifth day, when the usual doses are 
given. This absorption stage is shortened in giving hypodermic injec- 
tions of digitoxin solubile Cloetta. Doses of 0.3 milligram, applied from 
one to three times daily, produce an effect after twenty-four hours. Such 
rapid effect is of the greatest importance in the acute cardiac weakness in 
infectious diseases. Naunyn states that his remarks regarding Merck's 
digitoxin apply likewise to digalen, since this latter preparation is impure 
digitoxin. He also tried hypodermic injections, formerly of inf. fol. 
digit., but the results were very unsatisfactory; the remedy was not 
tolerated by the patients, caused rigor, etc. 

Walti administered digalen in severe cardiac incompetency and ob- 
tained very gratifying results in all his cases. 

Bibergeil recommends digalen as being readily soluble in water, non- 
irritant, and easily diffused. A great advantage of this preparation con- 
sists in that it does not give rise to indigestion and loss of appetite, and 
that it agrees with patients who vomit after taking digitalis in- 
fusion. In its effect on the circulation system it is at least of equal value 
with digitalis infusion ; over which, however, it has the advantages of ad- 
mitting of exact dosage, of rapid action, and of apparently no cumulative 
effect. Its indications for use are the same as those of digitalis. 

Kottmann used digalen intravenously and obtained the effect two to five 
minutes after the injection, there being demonstrable a sudden increase 
in blood-pressure which continued for at least twenty-four hours, in many 
instances for several days. The frequency of the pulse was seldom influ- 
enced, but frequently the quantity of urine was extraordinarily large, as 
much as 8 litres in twenty-four hours. He emphasizes the fact that intra- 
venous injections afford the possibility of rapidly producing a digitalis ef- 
fect, and that this mode of application is of the greatest importance, parti- 
ularly in cases of acute weakness of the heart, as in cardiac asthma. In the 
case of intravenous injection, the whole quantity injected suddenly takes 
effect, whilst the rapid excretion presumably prevents intoxication. 

In the majority of his cases Klemperer obtained good results after 
the administration of digalen, a stronger pulse, abatement of dyspnea, and 
considerable diuresis with the disappearance of edemas. In several cases, 
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when administered per os, it seemed to display a genuine digitalis action ; 
and Klemperer recommends the preparation as a substitute for the fre- 
quently unreliable leaves, since it permits of exact dosage. 

Kollick concludes from his observations that digalen is more reliable 
than the infusion of digitalis leaves, that its dosage is more accurate, 
and results are obtained more quickly. Furthermore, no undesirable 
effects were noticed, as in all instances the drug was well tolerated. 

The experimental work of Baccarani shows that: 1. Digalen pro- 
duces a rapid effect on the blood-pressure and diminishes the frequency 
of the pulse. 2. Such ePEect on the vascular system continues for some 
time after taking the remedy, but does not last very long. 3. The drug 
is to be administered, therefore, in fractional doses several times daily ; 
and as it is well tolerated, the patient is not thereby inconvenienced. 
4. The diuresis increases considerably, doubtless owing to the increase 
in the blood-pressure. 

In the experiments of Hochheim, digalen proved to be a good cardiac 
tonic. It increased the blood-pressure in cases of arrhythmia, exerting 
a regulating influence on the action of the heart, as it does away with, 
or considerably diminishes, at least, the number of extrasystoles. If the 
action of the heart is greatly accelerated, it diminisiies the number of the 
contractions. In states of congestion, due to disturbances of compensa- 
tion, it produced a pronounced diuretic effect. The copious diuresis 
manifested itself in most instances during the period from the second 
to the third day of the digalen treatment; and after discontinuing the 
use of the remedy, the quantity of urine excreted during twenty-four 
hours generally exceeded the normal quantity for several days. With 
the increase of diuresis the phenomena of congestion subsided. The 
hypodermic injections generally gave rise to burning pains, lasting from 
one to several hours; and occasionally to soft swellings, which in some 
instances did not disappear for a few days. By resorting to intravenous 
injections, local phenomena of irritation may be entirely avoided. Symp- 
toms, that might be regarded as toxic disturbances, were not observed. 
Nausea, vomiting, diarrhea or giddiness never manifested themselves. 
In Hochheim's opinion digalen enables one to obtain a reliable digitalis 
effect — more especially in urgent cases — by way of hypodermic or in- 
travenous injection. Hence, this preparation must be regarded as a very 
valuable remedy in cases of pronounced inclination to vomit and in un- 
conscious patients after laparotomy, more especially after operations 
upon the stomach. 

Haffter made use of digalen in a severe case of Basedow's disease, 
which defied every other treatment. An injection of two grams reduced 
the frequency of the pulse (144 to 160) almost to normal (96 to 100), 
at which it remained during seven to eight days. After that time a 
further injection was necessary. Since the en^loyment of this treat- 
ment, the condition of the patient has improved. 
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De Renzi draws the conclusion that Cloetta's drug has the same action 
as digitalis; but the employment of the new preparation is more con- 
venient, more reliable in effect and unattended by bad effects. Cumula- 
tive and irritant effects after its administration are far less likely to 
ensue than after the use of digitalis. 

In comparing digalen with digitoxin, Ceconi and Pornaca conclude 
that the former displays its action with equal rapidity and has the fol- 
lowing advantages: 1. It admits of much more convenient dosage and 
affords greater facilities in the mode of application. 2. It agrees better 
with the patients , both as regards single doses and the total quantity 
used during the treatment. 3. Phenomena of intolerance, more especially 
such symptoms as are due to accumulation of the remedy in the organism, 
are of very rare occurrence. 

Haberfeld entertains a similar opinion that digalen is non-irritating 
to the stomach, is rapid and non-cumulative in action, on account of its 
rapid excretion through increased diuresis; further it admits of exact 
dosage and is always constant in composition. 

Thurnheim corroborates the advantages of digalen as stated by the 
preceding investigators. Moreover, in his experience it sometimes gave 
results in cases in which digitalis proved ineffective. 

Maass administered digalen intravenously and recommends this prep- 
aration for its harmless effect and rapid action. 

Freund remarks that digitalis therapeutics, as long as we were de- 
pendent on the drug, was often unreliable, whether digitalis was given 
in the form of infusions or in powder. The amount of efficacious sub- 
stances, contained in the leaves, is known to differ very much according 
to the place, the time of the year when they are gathered, and the age of 
the drug. These disadvantages, he believes, are absent in the case of 
digalen. The solution does not spoil and keeps a long time without 
losing the digitalis effect. It has a further advantage, which not one 
of the digitalis preparations hitherto in use possessed — ^namely, it may 
be applied hypodermically, and thus affords the possibility of using it in 
the case of patients who are subject to vomiting and, as a consequence, 
are unable to take anything orally. He refers to digalen as the first 
solution of digitalis that permits intravenous application, and thus renders 
possible an almost immediate effect; whereas, after hypodermic injec- 
tions, it takes two hours, and after other modes of application twelve 
to twenty-four hours for the effect to set in. According to his experi- 
ments it produces prompt and lasting ^effects. Even after a dose of only 
five drops, introduced into the lymph-sac, a distinct digitalis effect sets 
in after a quarter of an hour. The systoles become more pronounced 
and more prolonged (from one second to sixteen seconds). This effect 
continues for about an hour; if further doses are employed, the action 
of the heart becomes irregular. If dropped directly on the heart, the 
same curves result. He remarks that with regard to weakness of the 
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heart occurring in infectious diseases, the modem digitalis therapy places 
at our disposal an important remedy in the form of this digitoxin, which 
enables us to combat it by way of hypodermic, intramuscular and intra- 
venous application. It acts more intensely than camphor and caffeine 
and more rapidly if employed in the form of intravenous injection, this 
latter being the only form to be considered in case of impending collapse. 
This observer reports his successful administration of the drug in weak- 
ness of the heart after chloroform-narcosis and in a case of acute dilata- 
tion consequent on over-exertion. 

Livierato states that digalen produces a rapid effect, which is one of 
its principal advantages in practice. It is well known that the infusion 
acts slowly and that the effect is always preceded by a latent stage of 
development. Such latent stage is considerably shortened by the employ- 
n^nt of this preparation of digitoxin. Its rapidity in producing an effect 
proves its practical value in cases of unforeseen weakness of the heart, 
as appears in acute infection. Digalen exerted a considerable and con- 
stant influence on diuresis; the quantity of urine increased from 650, 
800, to 3,200 c.c. At the same time the specific gravity decreased and 
the albumin no longer appeared in the urine. The diuresis continued 
to be copious during the next few days. Such increase in diuresis doubt- 
less is a consequence of the rise in the blood-pressure. The rise, however, 
ensues rapidly, and in the case of hypodermic injections of from 2 to 
3 c.c. it sets in in twelve to thirty hours after the injection. If still 
larger doses are resorted to, the effect on diuresis is even more pro- 
nounced, as well as on cardiac dulness and blood-pressure. 

Mann's experiences induce him to attribute to digitalis a much greater 
value than to strophanthus. However, it cannot be denied, he says, that 
the usual tincture of digitalis is frequently very slow in action. Among 
the efficacious preparations are the digitalin granules (Nativelle) and 
the digitoxin, recently discovered by Cloetta, which is soluble in water. 
A study of the various cases shows that the results obtained with the 
latter are substantially identical with those derived from the use of 
digitalis, viz., enhancement of the blood-pressure, regulation and de- 
crease of the pulse, modification of the general disturbances in keeping 
with the re-establishment of the circulation. An increase in keeping in 
diuresis and simultaneous decrease of the edema, as well as other con- 
comitant phenomena, dyspnea, sense of anguish, etc., were invariably in 
evidence. 

Pittini and Pietro conclude from their experiments that digalen may 
be employed with good results in all cases of cardiac diseases in which the 
use of digitalis is indicated. The more convenient form of application, 
the more exact dosage, the stability of the preparation and, above all, 
its rapid effect, lead to the conclusion that, in producing this remedy, 
Cloetta has succeeded in placing at the disposal of the profession a very 
valuable agent for the treatment of cardiac diseases. 
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Avanzino comments upon the marked diuretic effect of the soluble 
digitoxin and recommends this preparation on account of its servicea- 
bility. Schwyzer found digitoxinum Cloetta to be superior to digitalis 
preparations in the market. It was employed in all cases in which the 
use of digitalis was indicated. If administered by the mouth it produced 
an effect more rapidly than digitalis powder; after hypodermic or intra- 
muscular application the effect occurred in a few hours; intravenous in- 
jections were followed by an effect immediately. Digalen had no cumu- 
lative effect and did not last as long as digitalis. But as soon as the 
digalen effect had been obtained, it was maintained by small doses. Its 
principal advantage consists in that it admits of almost painless hypo- 
dermic application ; and that in urgent cases it may be employed by way 
of intravenous injections with immediate results. 

Reitter noticed improvement in myocardial degeneration after the 
administration of Cloetta's digitoxin. In arrh3rthmia the beneficial effect 
was unmistakable, provided the cardiac muscle was not too greatly af- 
fected. Such rapid effects could not be produced hitherto with any 
of the other preparations in use. Another advantage consists in the 
absence of phenomena of poisoning. 

In the treatment of cardiac and renal lesions with digalen, Marini 
refers to the increase in the tonus and the lessening of the peripheral 
arterial pressure. These facts, he believes, are dependent on the lessening 
of the vascular tension. Owing to the fact that the drug reduces the 
tension of the renal vessels and thus causes a more extensive and more 
rapid flow of blood, it gives rise to a copious diuresis. Digalen, accord- 
ing to Marini, is preferable to digitalis, because it rapidly exerts a regulat- 
ing influence on the function of the heart, as it does not give rise to a 
cumulative effect ; for, even in the event of its use being continued for a 
long time, the remedy seldom causes a serious irritant effect. Digalen, 
which is very serviceable in chronic lesions of endocarditis and myocar- 
ditis, is likewise productive of excellent results in the case of nervous 
cardiac disturbances and in protracted infectious diseases. 

The sphere for the use of digitoxin, according to Marr, is extensive. 
It slows and strengthens the impulse of the heart, is a good vascular 
stimulant, and its peculiar renal effect constitutes it an ideal diuretic. 
It is indicated in rapid and weak action of the heart, low tension of the 
arteries, dyspnea, pulsating jugularis, dark complexion, scanty and dark 
colored urine, and general hydrops. It is one of the best aids in the 
first stages of pneumonia and many other states of inflammation. In 
the early stages of scarlatina it is a most serviceable drug. 

In a case of cirrhosis of the liver, accompanied by defects of the mitral 
valve, Cramer observed that the use of digalen was followed by a rapid 
and lasting digitalis effect on the pulse and general condition before, as 
well as after, the puncturing of the exudation. A favorable influence 
was exerted on the diuresis at the same time; but when the use of the 
remedy was discontinued, the diuresis diminished again. 
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Preund states that this amorphous substance does not only dissolve 
more readily in water, but is also more easily diffusible than the crystal- 
line glycoside ; and it is to this fact that he attributes the superior whole- 
someness of digalen as compared to digitalis leaves and to the infusions 
prepared from them. Not only does digalen appafrently affect the stom- 
ach less than digitoxinum crystallisatum, but it also affords the possi- 
bility of obtaining a digitalis effect without the medium of the stomach, 
viz., by way of hypodermic and even intravenous injections of the 
amorphous modification of the original substance, thus giving the benefits 
of digitalis therapy to many patients with whom the digitalis leaves 
do not agree. 

Kohn believes the greatest sphere for the use of digalen is cardiac 
disease with disturbances of compensation, or with renal complication, in 
which cases it may be administered per os or subcutaneously. It proves 
likewise useful in cases of moderately advanced degeneration of the 
cardiac muscle, and in diseases of the aorta accompanied by mitral in- 
sufficiency. 

According to the observations of Calzolari, during pregnancy digalen 
diminishes in an almost constant manner the frequency of the pulse, en- 
hances in most cases the blood-pressure, and always increases the ex- 
cretion of urine. Its effect sets in rapidly and lasts at least two hours. 
It has never given rise to contraction of the uterus nor has it injured 
the fetus in any way whatever. 

Pesci resorted to digalen treatment in the treatment of pneumonia and 
found that the preparation exerted a very favorable influence on the 
pulse, on the blood-pressure, as well as on leucoc)rtosis, since it causes 
the crises. He also recommends its employment in purely aortic in- 
sufficiency with cardiac asthma or angina pectoris. In the latter case, 
he says, a great rise in blood-pressure is no contra-indication ; and in 
attacks of angina pectoris the drug may be employed intravenously. If 
it is desirable to produce a rapid effect as, for instance, in severe cases 
of cardiac asthma, the remedy should be employed intravenously; which 
method is advisable also in the case of cardiac insufficiency in acute in- 
fectious diseases, such as pleuritis, pneumonia, etc. He accentuates the 
fact that, as .compared to other similar preparations, and to digitalis 
itself, this preparation has the advantage of admitting exact dosage and 
thus precludes certain drawbacks and dangers, and ensures the desired 
effect. Its greatest and indisputable advantage, however, consists in that 
the remedy is pre-eminently suitable for intravenous injections; and 
this form of application becomes imperative in urgent cases, and fre- 
quently so in cases where digitalis is not tolerated by the stomach. 
Intravenous injections always produce reliable, rapid and good results. 

Hale has carefully studied the action of digalen in comparison with 
other digitalis preparations. He reviews the literature, showing that 
certain claims made for digalen are incorrect; that it is not devoid of 
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cumulative action ; that it possesses marked irritating properties resulting 
sometimes in edema and thrombosis; that it causes disturbances of di- 
gestion apparently as often as the older preparations ; and that its effects 
do not appear more rapidly than from corresponding doses of the leaves 
of digitalis. Other investigators are quoted who show that digalen has 
no special properties in acute cardiac failure; that its effects did not ap- 
pear more quickly when given subcutaneously than by the mouth. In- 
travenous injections, however, gave results in two to five minutes, but 
the doses required were so large as to render this method of administra- 
tion dangerous. In regard to the experimental work on animals, it was 
found that digalen is much less active than the crystallized digitoxin. 
The experimental work of Hale showed variations in the strength of 
digalen, indicating that deterioration occurs with age. In a comparative 
study of the action of digalen, digitoxin and digitalin, this author found 
that digalen is much less active than crystalline digitoxin, and of about 
the same potency as digitalin. This lends weight to the contention of 
some observers that digalen is not identical with digitoxin, but is only a 
high percentage of digitalin. With regard to the general action of diga- 
len on animals, it appears to possess considerably more stimulant action 
on the central nervous system than other digitalis preparations. In most 
cases, the early S)miptoms of absorption were convulsive movements. This 
agrees with the clinical effect, observed by Teichman, of excessive ner- 
vous stimulation following intravenous injections. In regard to digipura- 
tum. Hale concludes from his biological tests that it is constant in com- 
position, and appears to be an assayed product. As to its efficiency, he 
believes it to be of the same activity as the strongest official preparation 
on the market.. From his experiments Hale could draw no conclusions 
as to the presence or absence of secondary toxic effects following the 
use of digipuratum. 

Focke also reports unfavorably on the action of digalen. He bases 
his conclusions upon experimental and clinical studies of the action of this 
product. 

Boos, Newburgh and Marx discuss the comparative value of the more 
recent active principles of digitalis. The greater part of their work has 
been done with digipuratum. It was tried in 108 cases. Eight cases are 
considered in detail. Special illustrations and charts are included in the 
article, which exhibit all the phases in the activity of digipuratum. It 
has long been known that one of the factors which renders digitalis medi- 
cation difficult is the tendency of this drug to produce gastro-enteric dis- 
turbances. It was with the hope of lessening the irritant action of digi- 
talis that Gottlieb essayed, by chemical means, to remove the digitonin 
from the leaf-extract. He succeeded in obtaining a product which is free 
not only from digitonin, but also from 85 per cent, of the other bulky 
and inactive matter, which ordinarily passes into a leaf-extract. When 
Gottlieb compared the action of his purified product with that of the 
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original leaves, he found that he had recovered practically all the 
talin and di^toxin contained in the crude leaves. To this purified 
duct Gottlieb gave the name of "digitalis dcpuratum," or "digipura 
for short. 

This purified digitalis extract is a yellow liquid. The active prin 
contained in it are insoluble in cold water and acids, but easily si 
in dilute alkalies, a property which ensures their ready absorption 
the intestine. The yellow fluid is standardized physiologically and is 
taken up with sugar of milk to form a powder. The powder obt 
is further diluted with sugar of milk until the resulting product '. 
definite and constant pharmacological strength. In his physiolt 
tests Gottlieb uses Rana temporaria (the German field frog), obt 
during the months from July to October, and kept in captivity as 
a time as possible before use. His unit of strength is the minimum an 
of the extract, which in thirty minutes will cause systolic stoppaj 
the heart of a frog weighing 30 gm. This quantity Gottlieb calls a ' 
unit." By standardizing a large number of the best leaf-powders ol 
able, Gottlieb found that the ordinary dose of the powdered leave 
gm., varied in strength, in the different samples, from 4 frog units 1 
Eight frog units being the average, Gottlieb chose this strength fc 
purified extract, Digipuratum is therefore prepared as a powder h; 
the constant strength of 8 frog units to each 0.1 gm. of the powder 
responding to the average strength of a single dose {0.1 gm.) of the ( 
powdered leaves. For greater convenience of dosage, digipuratum. : 
ually dispensed in tablet form, each tablet containing 0. 1 gm. of the po' 
These tablets have an agreeable vanilla flavor, and are taken readi 
all patients. In the treatment of broken cardiac compensation, '. 
Newburgh and Marx gave the drug as suggested by the clinicians 
tioned — namely, in the form of so-called treatments ; that is to say, 
employed the ideal di^talis medication, giving large doses in as 
a time as possible. They were enabled in this way to determine i 
drug, when given in sufficient quantity rapidly to produce its phy 
gical effect, is really free from the irritating substances which u; 
make similar dosage of the crude drug an impossibility, and to c 
mine if, under these circumstances, this drug exhibits a lesser tent 
to produce cumulation than the crude preparations. They gave 
puratum as a rule in treatments of twelve tablets in four days ; four ti 
the first day, three the second day, three the third day and two the t 
day (that is, 12 gm. or 18 grains in four days). In many of the 
serious cases, they were obliged to continue the drug in doses of a 
two tablets for a longer or shorter period. 

Each of the 8 cases shows interesting features. The diuresis i 
ficient in all the cases. In one case the diuretin probably played 
or no part in producing the phenomenal urinary output. Four cases 
the marked effect of digipuratum on the slowed pulse-rate. The 
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remarkable case was a patient sent into the hospital in a moribund con- 
dition and little hope for her life was entertained. She reacted very 
quickly to digipuratum, however, and compensation was established in a 
week. The patient has been under the care of either Boos, Newburgh 
or Marx since leaving the hospital. At first she needed two tablets of 
digipuratum daily for several months ; after that the dose could be grad- 
ually diminished until how., after one year, she takes on the average only 
four or five tablets a week. At times she goes a week or ten days with- 
out the drug. She is comfortable, looks after her household duties, 
and makes many visits, although she lives up one flight of stairs. The 
physical signs are the same as when she left the hospital. In some of the 
cases the first digipuratum treatment gave little or no result, while the 
second was very efficient. Four cases illustrate the good results which 
may often be obtained by combining digipuratum medication with vene- 
section, or the removal of fluid from the body by tapping. In the second 
case the efficient diuresis which began on the tenth day was due to a com- 
bination of digipuratum with the fluid extract of apoc3mum. The blood- 
pressure was rarely affected. There was no vomiting or diarrhea in any 
of the cases. Digipuratum has now been in use at the Massachusetts 
General Hospital for over a year, and more than 180 cases of primary 
heart disease, or secondary cardiac involvement, have been treated with 
it. The effect on the urinary output had been very prompt in most in- 
stances. There was not a single case of vomiting or diarrhea; in fact, 
the vomiting of a number of cardiac patients at entrance was promptly 
stopped by the drug. Cumulative poisoning has never been observed. 
One of the early patients, a boy of sixteen, was given 106 tablets in six 
weeks; at no time was there any suggestion of digitalis poisoning . In 
one or two instances, the house officers were made uneasy by sudden 
drops of forty or more beats in the pulse-rate, but no disagreeable symp- 
toms followed in any case. It must be borne in mind, however, that 
digipuratum is a digitalis preparation, and that as such it must neces- 
sarily have a tendency to produce poisoning by cumulation. But as 
regards this drug, the tendency is much diminished, so that it is possible 
by means of this agent to push digitalis therapy in a manner heretofore 
unknown. 
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ORGANOTHERAPY IN CARDIAC COMPLICATIONS OF 

INFECTIOUS DISEASES. 



Ay Augusts A. Housquains, M. D., of Paris. 



The French authors who have done epochal work in connection with 
the cardiopathies are Senac, who in 1749 published a very remarkable 
treatise for that epoch on diseases of the heart, Corvisart, Bouillaudi 
Duroziez, Merklen, Huchard and Potain. Without belittling the import- 
ance of the work of Corrigan, Stokes, Traube, it can be said in all 
justice that diseases of the heart have engaged the attention of French 
physicians uninterruptedly, and the result has been a large number of 
articles. The clinical features, the anatomo-pathology, and finally the 
study of the pulse by the graphic method (Marey and Frangois-Franck) 
have in turn occupied the thought of the French investigators. But better 
than all this, the recent investigations have established new methods of 
diagnosis in cardiac diseases : the phlebograph, which has been perfected, 
the esophagocardiogrs^h and electrocardiograph. 

The far-reaching discovery of His's bundle has resulted in the further 
study of arrhythmias. Physiology, anatomy, and the anatomo-clinical 
method have been instrumental in establishing the primordial role played 
by this fasciculus of fibres in the production of the cardiac rhythm and 
the fact that its lesions engender divers arrh)rthmias. It cannot be denied 
that it would be an exaggeration to say that all arrh)rthmias are due to 
alterations in His's bundle ; but without doubt the part which the nervous 
system plays in these disturbances should not be overlooked when study- 
ing the pathogenesis of a certain number of them. By assuming this 
to be a fact, new horizons in regard to cardiac pathology have been 
opened up and much can be expected in the future from further studies. 

But within the limitations of this letter it would be foolhardy to attempt 
a complete description of this vast subject by mentioning all the recent 
acquisitions in the matter of diseases of the heart. I shall limit myself 
to the examination of one important phase, based on the study of the 
functions of the ductless glands and which has thrown considerable light 
on the nature of the cardio-vascular complications which are seen in 
the course of, or following infectious diseases. 

The cardiac forms of infectious diseases, such as typhoid fever, scarla- 
tina, or diphtheria, are, as one knows, characterized by a cardio-vascular 
syndrome, the prognosis of which is generally grave since death often 
supervenes, whether from syncope or from collapse. 

What is the pathogenesis of these unfortunate accidents ? It has been 
proposed to explain them on account of the presence of a myocarditis. 
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This explanation, plausible in certain cases, is not satisfactory in all, 
and it is necessary, as we shall later on see, to study certain functions 
of the vascular glands so as to enlighten us as to the real cause of the 
larger number of these accidents. 

It is hardly necessary to recall the clinical picture of these cardio- 
vascular disturbances. At any time during the disease, but principally at 
the end of the acute attack, one may observe the patient confined to his 
bed, prostrated, without any strength, the skin pale and cold, and covered 
with perspiration, the extremities more or less cyanosed. 

The pulse is rapid, irregular at times, filiform, arrhythmical. On 
auscultation the heart-sounds are mufHed, sometimes there is a bruit. 
On palpating the precordial region the apex cannot be made out, but at 
most a sort of vague undulation. The arterial tension is very much 
lowered, and the tendency to syncope is extreme ; the patient suffers from 
nausea, and from diarrhea. Sudden death may supervene from the 
slightest change in position. These complications have not always the 
same intensity nor are they of the same frequency in the infections. 

If one remembers that the therapy follows logically the pathogenic idea 
of these diseases, one readily understands why researches have been made 
as to the causes of the cardio-vascular disturbances which are seen in 
the course of infectious diseases. Since the time when Louis gave us 
his idea of myocarditis, this lesion has been the object of the closest 
study, but though we are convinced that if toxi-infectious myocarditis 
explains a number of the cardiac accidents observed in the course of 
diseases such as typhoid fever, scarlatina, diphtheria, it nevertheless does 
not explain the cases in which, in spite of the undeniable cardio-vascular 
disturbances, the autopsy shows a heart apparently normal. Latterly, 
investigators have attributed the cause of these cardiac disturbances to 
the central nervous system, the nerves and the ganglions of the heart. 
But isolated facts are insufficient to support this theory, since in all 
cases the interpretation is purely speculative and therapeutic application 
is without any results. However, this does not obtain as regards the 
most recent causative factor — namely, alterations in the suprarenal cap- 
sules. The new conception attributes the cardiac complications in in- 
fectious diseases to insufficient function of these capsules. 

On what basis does this theory repose ? We know for certain, and the 
researches of Loeper and Oppenheim have demonstrated this experi- 
mentally with animals, that all the infections, no matter of what nature, 
show on the surface of the suprarenal capsules alterations more or less 
profound according as the infection is more or less intense. Autopsies 
have demonstrated that the same obtains in man. The important ques- 
tion in this matter is to ascertain whether all, who die from infectious 
diseases complicated by cardiac disturbances, show post-mortem alterations 
in the suprarenal capsules. A case published by Sergent, in which he 
describes the syndrome of an acute suprarenal insufficiency, is most char- 
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acteristic. Sergent found, at the autopsy of a patient who had had pneur 
monia and died on the fourth day, the suprarenal capsules profoundly 
altered, congested and hemorrhagic. It is necessary to mention here the 
case published three years ago by Hutinel, of a young girl at whose 
autopsy there was revealed an acute inflammatory state of the suprarenal 
capsules ; the patient having died as the result of convulsions with cyanosis 
and extreme depression in the course of bronchopneumonia. 

Is it not striking to what extent the cardiac symptoms in infections 
resemble the syndrome of suprarenal insufficiency? We note in the 
latter, in divers degrees, the salient features described by Sergent and 
Bernard ; that is to say, lumbar and abdominal pains, anorexia, vomiting, 
diarrhea, weakness, prostration with hyperthermia, thread-like pulse, 
and the tendency to collapse. As to the frequency of death, we know 
to-day how often it occurs in suprarenal insufficiency. According to 
Hutinel there is a brown discoloration of the skin; but so rapid is the 
evolution of the various phenomena that this symptom has not time to 
develop in the majority of cases. 

The arguments in favor of therapeutics based on the same ideas are not 
less convincing. We are aware of the gravity of the prognosis in in- 
fectious maladies with cardiac complications, and of the unexpected re- 
sults suprarenal therapy has yielded in certain cases. Martin and Darre, 
Mery, Weil, Halle have cited instances in which intense cardio-arterial 
complications have disappeared rapidly under the influence of suprarenal 
organotherapy. The employment of adrenalin has, in analogous cases, 
been attended by a remarkable therapeutic success in the hands of Netter, 
Josue, Moizard and Courby. All these authorities are in accord as to 
the rapidity of the amelioration affected by suprarenal organotherapy, 
whereas the same agreement does not obtain with other preparations. 
According to Renon and Armand Delille, the pituitary body plays an 
equally important role in the production of the toxi-infectious cardiac 
syndrome; which is not at all improbable, since we know the action of 
the hypophysis cerebri in regulating the arterial tension. 

Hence, though we cannot furnish proof direct of what has been just 
stated, we nevertheless have in our possession a large number of pre- 
sumptions of weight, which indicate that the suprarenal capsule is no 
negligible factor in the causation of those cardio-arterial complications 
which may be observed in the course of infectious diseases. In all cases 
the value of the suprarenal capsule as a therapeutic agent is such that 
its use is indicated in the treatment of these grave disturbances. 

Organotherapy should not be substituted for all the classical methods 
usually employed in the treatment of the cardio-pulmonary complications 
in infectious diseases, but it should occupy an important place in the 
therapy to which the practitioners of to-day resort. It is well in its 
way to order complete quiet for a patient ; the ingestion of small quanti- 
ties of milk; cardiac medicines and stimulants for the nervous system; 



210 HOUSQUAINS: ORGANOTHERAPY. 

but though all this is closely followed we should not fail to employ 
organotherapy directly cardiac complications set in. 

Either adrenalin or the extract of the entire gland may be used. At 
the present time, preference is given to the latter. The total suprarenal 
extract is less dangerous and does not provoke, as Loeper has demon- 
strated as regards adrenalin, atheromatous lesions of the aorta; again 
it is easy to handle ; and finally its action is more complete than adrenalin 
which contains only the active principle of the gland. On the other 
hand, in urgent cases with imminent syncope, when we require an imme- 
diate effect, we can have recourse to the intravenous and subcutaneous 
injections of adrenalin. Is it necessary to employ hypophysial organo- 
therapy in conjunction with suprarenal organotherapy? This question 
has not as yet been satisfactorily answered, but it would seem that in cer- 
tain cases this association is useful. 

Suprarenal^ organotherapy in cardiac complications of infectious dis- 
eases is no longer a theory but a fact of undoubted value ; not only has 
it diminished the gravity of the progfnosis, but it holds out a hope which 
other modes of treatment do not. 

June 10th. 
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SURGERY OF THE HEART AND BLOOD VESSELS. 



A REVIEW OF RECENT LITERATURE. 



By Malvern B. Clopton, M. D., of the Editorial Staff. 



1. Sutton: Injuries of the Heart. (Brit. Med, Journ., Vol. V., p. 
1273, 1909.) 

2. Salomoni : Surgery of the Heart. (Archives GenSrales de Chiru- 
gie, Sept. 25th, 1909.) 

3. Kirchner: Treatment of Wounds of the Heart. (Annals of 
Surgery, Vol. HI., No. 1, p. 96.) 

4. Bernheim: Experimental Surgery of the Mitral Valve. (Johns 
Hopkins Hospital Bulletin, Vol., XX., p. 107, 1909.) 

5. Bewley: Cardiolysis. (Brit, Med, Journ., Vol. I., p. 915, 1910.) 

6. Floeckner: Heart Suture. (Muench. Med. Wochenschr., Vol. 
LVL, p. 1634, 1909.) 

7. Poynton: On the Operation of Cardiolysis. (Lancet, Vol. I., 
p. 1740, 1909.) 

In reviewing the surgery of the heart, one must recognize that up to 
the present the surgery of the heart has consisted almost exclusively of 
the treatment of injuries. The field which was opened in 1896 by Farina 
has up to date recorded 155 operations for injuries with brilliant results 
in 35 per cent, of the cases, this representing the work of many operators ; 
and practically all of the recoveries were of cases that if left without 
surgical treatment would have died. For the past twelve years, the mor- 
tality-rate has not diminished, and, if there is to be a further improvement 
in the operative results, our aseptic technique will have to be further 
perfected as the cause of death in the majority of cases is pericarditis, 
pleurisy, or pneumonia. These facts have been brought out by Bland- 
Sutton and Salomoni and Kirchner*. Apparently there is no generally 
accepted route for cardiac approach, but most of the authorities agree that 
the intercostal method is the most rapid and least mutilating and the 
simplest of the various methods suggested. The wound, if not 
large enough, is increased by disarticulating from the sternum one 
or two costal cartilages. At times, especially for wounds of the base of 
the heart, it is necessary to resect parts of the ribs and turn them back 
with the hinge at the sternum. The nature of the wound inflicted often 
determines the character of the operation. In the mind of most writers, 
drainage of the wound is considered unnecessary, although a large num- 
ber of the cases that recovered were drained. (Out of 58 cases of suture 
of the heart that recovered, drainage was employed in 30 cases.) Peri- 
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cardial effusion is frequent after suture of the heart, and it determines 
the pericardial pain, anxiety and weakness. Various suture materials 
have been employed, but more recently, the preference has been for ab- 
sorbable material. -When the wound is finished, the stitches should be 
close enough to prevent further leakage. In many cases, the heart has 
stopped beating while the sutures were being introduced, but in most 
instances, slight massage will start the beats again. Injuries to the cor- 
onary arteries are usually fatal, but as the coronary arteries are not ter- 
minal vessels, their ligation is not contraindicated. 

The next developments in cardiac surgery followed a suggestion by 
Brauer in 1903, who proposed the excision of the overlying ribs and part 
of the sternum for cases of adhesive pericarditis with angina and a marked 
diastolic precordial bulging with a systolic retraction. This measure re- 
leased the heart from adhesion to the chest wall. Morrison, in 1908, sug- 
gested that in cases where the heart was greatly enlarged, for example, 
in aortic stenosis regurgitation with marked ventricular hypertrophy 
and anginoid pain, that the heart be released from too confined an area 
by removal of the ribs that overlay it. These suggestions have been 
followed by eighteen operations; mostly cases of adhesive pericarditis. 
The operations have varied .in their methods. Through a curved incision, 
a large thoracic window is made by taking out the fourth, fifth and sixth 
ribs and cartilages, and sometimes the third and seventh. While the 
original suggestion was that the ribs be removed with the periosteum. 
Thorburn who has given us the last article on the subject, sees no reason 
why the periosteum need be removed ; as in several of the cases, including 
one of his own, the ribs did not reform and in one of Koenig's cases where 
he left the inner layer of periosteum, he found two and a half years later 
when the patient died, that there were only a few bony spicules. General 
anesthesia has been used in most of the cases. Peterson and Simon 
started their first case under local anesthesia and had to complete it 
under general anesthesia. (The reviewer has on one occasion resected 
about six inches of the sixth rib under cocaine for relief in a case of 
mitral stenosis with a large heart, and much discomfort. It was possible 
to do this operation in a case where conditions were most unfavorable 
without any disturbance to the patient, and it appears a much safer pro- 
cedure than to give a general anesthetic.) Recently Bewley has reported 
a successful result in such a case as Morrison indicated should be operated. 

Bemheim reports on the operative methods which he has used to at- 
tempt to narrow the auriculoventricular orifice, which is the most diffi- 
cult of all valvular lesions to reproduce. This work was undertaken to 
answer Brunton's question. Can a mitral stenosis be transformed by surgi- 
cal methods into an insufficiency with benefit to the patient ? The question 
has not been finally answered, but on numerous occasions it has been pos- 
sible on dogs to constrict the mitral ring by a suture, and in some of the 
cases it has been possible subsequently to divide the constriction; but 
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they were not abk to reproduce the typical presytolic murmur, or the 
usual symptoms characterizing the stenosis in man. Hence, the question 
of symptomatic benefit from this procedure still remains unanswered, for 
the lesion that have been made have merely led to a degree of stenosis 
to which the heart promptly accommodates itself. The work was done 
before Metzer's method of tracheal insufflation was devised, but the anes- 
thesia was accomplished by intubing through a tracheotomy wound after 
the chest had been opened (since the heart has to be approached via 
the pleural cavity). Artificial respiration was continued until the heart 
lesion was made, and the pericardium and pleura dealt with. The greatest 
difficulty encountered, in passing the cardiac ligature by which the stenosis 
was effected, was from wounding a coronary vessel or from tearing the 
cardiac muscle. A particular form of curved needle having an eye and 
a fixed handle similar to an aneurysm needle, was devised and proved to 
be more accurate in use. Silk that had been dipped in vaseline was used 
and passed beneath the coronary vessels so as not to produce a constric- 
tion and an infarct. Thirty attempts to produce stenosis have been made ; 
two or three succumbed to post-operative shocks, a number died from 
empyema, a few at a later period from thrombosis formation, and ten re- 
covered and lived from a week to three or four months. In only one case 
have they successfully reoperated for the stenosis, and in this case with 
perfect recovery. 

A curved thin knife is passed into the apex of the left ventricle through 
the arms of an untied mattress suture; the stenosing ligature is cut and 
the knife withdrawn, the suture being immediately tied. This operation 
is easier to carry out than the stenosing operation ; it takes less time, the 
hemorrhage is easily and accurately controlled, the post-operative vomiting 
is low. This is a point in favor of the future possible operation in man, 
and it is encouraging to think that in the event of such an undertaking, 
although we have to deal with a diseased and overburdened heart, the 
procedure offers no greater technical difficulties than a number of others 
which are in daily practice. 

Carrel has been experimenting with the idea of finding such methods 
as could be used for the treatment of certain diseases of the heart and 
aorta. As very early diagnosis is now possible, it is probable the aneurysms 
of the thoracic aorta could be extirpated and the circulation reestablished 
by a vascular transplantation, if the proper technique was developed. 
It seems possible also that some valvular and vascular diseases of the 
heart might be improved by surgical therapeutics. The bad results fol- 
lowing intrathoracic operations are due to a lack of adaptation of tech- 
nique to physiological conditions in the chest. Pleural infections are the 
most dangerous complications. In 100 fatal cases of wounds of the heart 
treated by suture, death was the result of sepsis 60 times. It is therefore 
necessary to use in vascular and intrapleural operations better asepsis than 
is practised in many hospitals and laboratories, and the success of the 
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more complex intrathoracic operations depends on the observance of a 
number of minute details of technique. The handling with forceps or 
retractors, the sponging or walling off with gauze, the exposing of large 
surfaces to the air, bring about irritations of the pleura and facilitate 
greatly its infection. As soon as the thoracic cavity is opened, the lungs 
must be covered with fine Japanese silk compresses impregnated with 
vaseline, as the silk tissue acts as a thin and almost impermeable mem- 
brane which protects the pleura without irritating it against the contact 
of the fingers, and permits of very efficient walling off of the operative 
field. In order to prevent the cooling of the pleura, a piece of thick 
flannel is placed on the silk compresses, and the temperature of the operat- 
ing room is very high. Blood must not be allowed to flow through the 
pleural cavity as sponging to remove it may be a cause of infection. His 
operative results have shown that these precautions have brought about 
a great reduction in the mortality-rate in experimental work. The other 
complications which makes this surgery more difficult, is the respiratory 
disorder caused by the penetration of air into the thorax. In Carrel's 
work, he has found that the intratracheal insufflation of Meltzer and Auer 
has given much better results than either the over- or under-pressure 
apparatuses devised to prevent respiratory complications. Working with 
the idea that some early aneurysms of the aorta can be extirpated, he 
has been successful in resecting this vessel and transplanting in its place 
a vein or other vessel which has been preserved in cold storage. It is 
necessary to modify the ordinary technique of vascular suture to meet 
the conditions in the aorta, and every detail of the technique must be 
directed toward the prevention of secondary hemorrhage which occurs 
more frequently after suture of the thoracic aorta, and rarely happens 
after suture of the abdominal aorta or other vessels. The main danger 
of the aortic operation does not come from the heart or from the aorta 
itself, but from the central nervous system. Spastic paralysis developes 
when the descending aorta has been clamped for more than ten or fifteen 
minutes due to a degeneration of the cells in the anterior horn. It seems 
that clamping of the ascending aorta cannot be continued without danger 
for more than one minute. Therefore, it is necessary to have a tech- 
nique for the temporary diversion of the blood. One method is to lay 
the vessel open with a longitudinal incision and insert into its lumen 
a paraffined tube which is temporarily fastened. Ttten the wall of the 
aorta can be extirpated and replaced while the circulation goes on through 
the tube. When the operation is completed the tube is removed through 
a small incision. The patching or the transplantation of aortic segment 
can always be performed in less than an hour, while the circulation can 
go on for several days through the tube before coagulation occurs. It 
is a safe and convenient method for the descending aorta and can prob- 
ably be used also on the ascending aorta. Another method of continuing 
the blood in circulation while segment of the aorta is being operated, 
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is to establish a communication between the left ventricle and the descend- 
ing aorta. One end of the vessel or of a paraffined rubber tube is inserted 
into the apex of the left ventricle and is fastened; the other end is in- 
serted into the descending aorta, and the ascending aorta is slamped re- 
versing the blood-stream through the upper part of the descending aorta. 
There is therefore no danger of anemia of the brain. The operation is 
difficult and the mortality heavy; nevertheless, he has succeeded several 
times in anastomosing the left ventricle to the descending aorta, and the 
circulation has been thus maintained for eight minutes. The clamp and 
tube were then removed and the circulation was reestablished in its nor- 
mal direction. This method is more difficult and dangerous than the aortic 
intubation. In six experiments, the transverse suture of the descending 
aorta was performed after complete or incomplete section. One dog died 
of secondary hemorrhage a few weeks after the operation ; the others re- 
covered completely. The aorta was patched with a vein twice, both ani- 
mals dying after eight and twelve days from secondary hemorrhage due 
to a necrosis of the flap in one, and tearing of the stitch in the other. 
Graft of a complete venous segment between the cut ends of the descend- 
ing aorta was performed once, and the dog is still alive and in excellent 
health, and there is no modification of the femoral pulse. It seems pos- 
sible that certain aneurysms of the aorta in man may be removed and re- 
placed by a piece of vein with the help of the methods for temporarily 
diverting the blood. 

Plastic operations on the heart are not much more difficult than on any 
other part of the body, according to Carrel, but to perform the operations 
without disturbing in an irreparable manner the functions of the nervous 
system and of the heart itself is a very complicated problem. Of those 
operations which do not require temporary hemostasis, he has tried only 
one, which is an operation for mitral insufficiency performed without 
opening the heart. It can be done by resecting a part of the walls of the 
ventricle just below the coronary artery. A dog which underwent this 
partial ventriculectomy two months ago is still alive and in good health. 
Other operations which require a temporary hemostasis of the heart are 
only partially successful. He believes it would be feasible to cut a mitral 
or tricuspid valve, or to perform a curettage of the endocardial vegeta- 
tions. The hemostasis can be secured by clamping the vena cava as ad- 
vocated by Sauerbruch, but he believes it is simpler to clamp with a large 
soft-jawed forceps the entire pedicle of the heart, as the interruption of 
the circulation does not last more than two minutes, and it causes no cere- 
bral complications. The main danger is the occurrence of fibrillary con- 
tractions which render almost impossible the reestablishment of normal 
pulsations. In operations which require interruption of the circulation 
for a longer time, he shows that as yet no method has l)een devised. The 
technique for these operations on the heart is very far from being de- 
veloped, and the purpose of presenting them now is only to study some 
of the principles on which must be based the future surgery of the 
thoracic aorta. 
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